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(57) A laser beam as fundamental waves which is 
emitted from a distribution Bragg reflection (DBR) sem- 
iconductor laser is incident on an optical waveguide o a 
light wavelength conversion device in which domain- 
inverted regions and the optical waveguide are formed 
in an UTa0 3 substrate. The wavelength of the modem 
laser beam is then converted so as to obtain higher har- 
monic waves such as blue light. lntheconvers.on, adnve 

FIG.1 2io 

40a 41 o 42a 



current to be applied to a DBR portion of the DBRsem- 
iconductor laser is changed so as to change an oscillat- 
ing wavelength of the DBR semiconductor laser, thereby 
matching the oscillating wavelength with a phase- 
matched wavelength of the light wavelength conversion 
device. Thus, the generation of the harmonic waves to 
be output is stably controlled. 
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Description 

nftfrrinni 1MB nc THE invention 
1. Field of the Invention: 

The present invention relates to a method for stabi- 
lizing an output of higher harmonic waves used in the 
fields of optical information processing, optical applica- 
tion measurement control, and the like utilizing coherent 
light, and a short wavelength laser beam source us.ng 
the method. 



2. Description of the Related Art: 

In the field of optica) information processing, short 
wavelength laser beam sources for optical record.ng 
T^uire i output of several mW or more, ft , blue M 
beam sources. me combination of a semicondudor laser 
emitting fundamental waves and a light wavelength con- 
version device generating higher harmonic waves of the 
fundamental waves is promising. 

Fiaure 22 is a cross-sectional view showing a struc- 
ture of a conventional short wavelength laser beam 
source 5000 emitting blue light. Fundamental waves PI 
emitted by a semiconductor laser 121 are collimated by 
rcollimator lens 124 and focused onto an opfccal 
waveguide 102 formed inside of a light wavelength con- 
verstondevice122byafocuslens125.Thefundamen^ 

waves P1 are converted into higher harmonic waves P2 
in the optical waveguide 102 and output. Each i compo- 
nent of the short wavelength laser beam source ^00 is 
mounted on a base member 120 made of Al. The light 
wavelength conversion device 122 is positioned Ion i a 
quartz plate 123 with its face having the optical 
waveguide 102 down. 

Next the light wavelength conversion device 122 
used in the conventional short wavelength laser beam 
source 5000 will be described. 

Figure23Aisaperspectiveviewoftheconventonal 

light wavelength conversion device «2; Figure 23B« a 
cross-sectional view taken along a line 23B-23B of Fig- 
ure 23A. Hereinafter, the operation of the light [wave- 
length conversion device 122 will be descnbed by 
IHustrating the generation of higher harmonic waves 
(wavelength: 437 nm) from fundamental^ ^ves (w^e- 
length: 873 nm) (see K. Yamamoto and K. M.zuuchi, 
"Blue light generation by frequency doubling of a laser 
diode in a periodically-domain inverted UTaOa 
waveguide". IEEE Photonics Technology Letters, Vol. 4. 
No. 5, pp. 435-437, 1992). 

As shown in Figures 23A and 23B. the light wave- 
length conversion device 122 includes the op«ffl 
waveguide 102 formed in a UTaOa substrate 101 The 
optical waveguide 102 is provided with periodically 
domain-inverted layeis (domain-inverted regions) 103. 
The mismatch in propagation constant between the fun- 
damental waves PI and the higher harmonic waves P2 
to be generated is compensated by a periodic structure 



composed of the domain-inverted regions 103 and non- 
domain-inverted regions 104. This allows the fondamen- 
tal waves P1 to be converted into the higher harmonic 
waves P2 at high efficiency so as to be output. The 
5 arrows in Figure 23B represents the direction of a 
domain in each region. 

Next the principle of amplification of the higher har- 
monic waves in the light wavelength conversion device 
122 will be described with reference to Figures 24A and 

M Figure 24A schematically shows inner structures 
namely, the direction of domains of a device ^131 wh-ch 
have no domain-inverted regions and of a device 132 
which hasdomain-inverted regions. The arrows in Figure 
, 5 24A represent the direction of a domain in each reg.oa 
In the device 131. domain-inverted regions are not 
formed and thedirections of domains are aligned in one 
direction. When fundamental waves pass iftrough ijhe 
device 1 31 , the waves are partially converted into higher 

131 an output of higher harmonic waves 131a merely 
repeats increasing and decreasing along the passing 
direction of the optical waveguide, as shown in Figure 
24B 

2S Ontheother hand, in thedevice 132 which hasfirst- 
order periodically domain-inverted regions, an output of 
higher harmonic waves 132a increases in proport.on to 
thesquareof length Lot the optical wavelength as shown 
in Figure 24B. It should be noted that only when a quasi- 
30 phase match is established, the output of the higher har- 
monic waves P2 can be obtained from the cedent fun- 
damental waves P1 in the domain-inverted structure. 
The quasi-phase match is established only when a 
oeriod A1 of the domain-inverted region is identical with 
3S P xy(2(N2<o-Na>)), where Na> is an <*^<f<%* 
index of the fundamental waves (wavelength. X). and 
N2«o is an effective refractive index of the higher har- 
monic waves (wavelength: x/2). 

A method for producing a conventional light wave 
4 o length conversion device 5000 having the above-men- 
tioned domain-inverted structure as a fundamental 
structure component will be described. 

First aperiodic Taf ilm pattern with a width of several 
^ is formed on the LiTa0 3 substrate 101 made , of non- 
45 7earopticalcrystalby>apordeposit.onandphotol,thog- 

raphy. The Ta film pattern is subjected I to a proton- 
eTchange treatment at 260'C. followed by being heat 
treated at around 550'C. Thus, the °orr«n-,nvert«l 
regions 103 are formed in the UTa0 3 substrate 101 
so Tinen.aTafilmslitisformedontheUTaOaSubstratelOI. 

utes. and subjected to an anneal treatment at 420 C for 
one minute. Thus, the optical waveguide 102 is formed 
When the optical waveguide 102 has a length of 10 
55 mm and the fundamental waves P1 having a power of 
37 mW with respect to a wavelength of 873 nm js input 

to the light wavelength conversion device 122 produced 
as described above, higher harmonic waves P2 having 
a power of 1 . 1 mW can be output. 
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However allowable width of the light wavelength 
conversion device 122 with respect to the ™*™f<* 
the fundamental waves is generally as small as 0.1 nm. 
For this reason, the light wavelength conversion device 
1 22 cannot allow mode hopping of a semiconductor laser 5 
and spreading of the wavelength of output light. 

For example, in the conventional light wavelength 
conversion device 122 having the above-mentioned 
domain-inverted regions, the allowance with respect to 
the wavelength fluctuation of a fundamental wave laser to 
beam at a device length of 10 mm is very narrow; typi- 
cal Tan allowablewavelength half value width of around 
0 1 nm. Tne allowable change with respect to tempera- 
ture is typically as small as 3°C. Because o I this, when 
alightwavelengthconversiondevice ,s combined with a « 
semiconductor laser, the following problems wjjcThJ 
output of the semiconductor laser is likely to be affected 
byttie change in temperature and consequently wave- 
length fluctuation occurs in output light; as a result, fun- 
dTmental waves are not converted into higher tern*™ » 
waves or the output of higher harmonic waves converted 
from fundamental waves greatly fluctuates. . 

The above-mentioned problems will be described in 

^Sly, when the wavelength of a semiconductor 25 
laser shifts by only 0.05 nm. the output of higher har- 
monic waves to be obtained becomes half of an intended 

value. The allowability with respect to the change in 
wavelength of a semiconductor laser is small. For exam- 

of a semiconductor laser shifts from 20-Cto 21 C. the 
vertical mode of the semiconductor laser shrfte , byons 
and the oscillation wavelength shifts from 820.0 nm to 
820.2nm. Because ofthis. the output of higher harmonic ^ 

waves becomes zero. . , 

Regarding the allowable width of the light wave- 
length conversion device 122 with respect to the change 

the output of higher harmonic waves cannot be obtainoJ 
evenTthe oscillating wavelength of the semiconducto « 
laser is stable. Furthermore, frequent occurrence of 
mode hopping causes noise leading to problems in read- 
ing from optical disks. 



ci iMMflRV OF thf IMVENTION 



According to one aspect of the present invention, a 
method for stabilizing an output of higher harmonic 
waves includes the steps of: inverting furdamentd 
waves, emittedfromadistribution Bragg reflection(DBR) 
semiconductor laser having a wavelengt jvanaUc .por- 
tion, into higher harmonic waves in a light wavelength 
conversion device; and controlling a cunent to be applied 

™ihs«wlsno*^«P^ rt ^TT^ « 
doctor laser to change an oscillating wavele^hoUhe 55 
DBRsemicorKluctorlaser.therebymatch.ngtheosciUa^ 

ing wavelength with a peak of the higher harmonic 

waves. 



Alternatively, a method for stabilizing an output of 
higher harmonic waves of the present invention ^ndudes 
the steps of: converting fundamental waves emitted from 
a semiconductor laser into higher harmonic wav^in a 
lioht wavelength conversion device; applying an optical 
S^cktoti^semiconductorlasertosetanosc^atng 

wavelength of the semiconductor laser at a predeter- 
mined value; and controlling a drive current of the sem- 
iconductor laser to change the osallatr^w^elen^ 
thereby matching the oscillating wavelength wrth a peak 
of the higher harmonic waves. 

Alternatively, a method for stabilizing an output of 
higher harmonic waves of the present invention includes 
the steps of. converting fundamental waves, emitted 
from a DBR semiconductor laser having a first wave- 
length variable portion and a second wavelength variable 
p<^n.ir^higherhamx,nicwave S inalightw^engft 
conversion device: and coarse-controlling anoscJIating 
wavelength of the DBR semiconductor laser by the f rst 
wavelength variable portion and fine-controlhng *e 
oscillating wavelength by the second wavelength varia- 
ble portion, thereby matching the oscillating wavelength 
with a peak of the higher harmonic waves. 

Alternatively, a method for stabilizing an output of 
higher harmonic waves of the present mention indudes 
the steps of. converting fundamental waves emitted from 
a DBR semiconductor laser having a wavelength varia- 
ble portion into higher harmonic waves in a light wave- 
length conversion device; and performing differential 
detection of the output of the higher harmon.c waves, 
controlling a current to be applied to the wavelength i var- 
iable portion of the DBR semiconductor laser by using a 
detection result to change an oscillating wavelength , of 

the DBR semiconductor laser, thereby 
oscillating wavelength withapeakofthehigher harmonic 

WW Alternatively, a method for stabilizing an output of 
higher harmonic waves of the present invention indudes 
thestepsof-.cor^ertingfundamental waves ernittedfrom 

a wavelength-locked semiconductor laser into higher 
harmonic waves in a light wavelength conversion .device 
having an allowable wavelength half value width wider 
than an osdllating vertical mode interval of tire semicon- 
ductor laser; and controlling a current to be applied to 
the semicondudor laser to change an oscillating waye- 
lenoth of the semicondudor laser, thereby matching the 
osdlating wavelength withapeakofthehigher harmonic 

""In one embodiment of the present invention, the light 
wavelength conversion device is an optical waveguide 

^ In another embodiment of the present invention, the 
optical wavelength conversion device is a bulk type 

in still another embodiment of the present .mention, 
an oulput of the fundamental waves is monitored to con- 
trol the current. . 

In still another embodiment of the present invention, 
a reflector is further provided between a cleavage face 
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of the semiconductor laser and a DBR portion so that a 
vertical mode interval is set to be 1 nm or larger. 

In still another embodiment of the present invention, 
the wavelength variable portion o. *Jjf 
able portion in the DBR sem.conductor laser is pos. 
toned on a side far away from the hght wavelength 
conversion device. . 

in still another embodiment of the present invention 
the DBR semiconductor laser or the semiconductor laser 
as well as the light wavelength conversion device * are 
mounted on a base member, an active layer of the DBR 
Semiconductor laser and an optical wavegu.de of the 
light wavelength conversion device are respectively por- 
tioned on a side far away from the base member 

According to another aspect of the present inven- 
tion a short wavelength laser beam source includes: a 
ight wavelength conversion d*rice having penary 
domain-inverted regions formed in non-l.near opted 
crystal; and a DBR semiconductor laser wheran the 
oTRsemiconductor laser hasawavelength^ep^- 

tion fundamental waves emitted from the DBR sem.con- 
ductor laser are converted into higher harmorwc waves 
in the light wavelength conversion device and an oscu- 
lating wavelength of the DBR semiconductor laser is 
changed so asto match with a peak of ft. higher ha. 
monic waves by controlling a current to be apphedto the 
wavelength variable portion of the DBR s^.corriuctor 
laser, whereby a constant output of the higher harmonic 

waves is obtained. 

Alternatively, a short wavelength laser beam source 
of the present invention includes: alight wavelength con- 
version device having periodically *«™»** 
regions formed in non-linear optical crystal: and a DBR 
semiconductor laser, wherein fundamental waves (emit- 
ted from theDBR semiconductor laser are converted into 
higher harmonic waves in the light wavelength conver- 

S,0n Actively, a short wavelength laser beam source 
of the present invention includes: a light wavelength con- 
version device having periodically doma.n-inverted 
regions formed in non-linear optical crystal ; and a sem- 
iconductor laser, wherein fundamental waves emitted 
from the semiconductor laser are converted into higher 
harmonic waves in the light wavelength conversion 
device, and an oscillating wavelength of the semiconduc- 
tor laser set at a predetermined value by optical feedback 
is changed by controlling a drive current of the semicon- 
ductor laser, thereby matohing the oscillating wavdength 

with a peak of the higher harmonic waves to obtain a 
constant output of the higher harmonic waves. 

Alternatively, a short wavelength laser beamsource 
of the presentinventionincludes-.alight wavelength con- 
version device having periodically dormin.rwerted 
regions formed in non-linear optical crystal; and a DBR 
semiconductor laser having first wavelength variable 
portion and second wavelength variable porfcon. wherein 
fundamental waves emitted from the DBR semiconduc- 
tor laser are converted into higher harmonic waves in the 
light wavelength conversion device, the first wavelength 



variable portion coarse-controls an oscillating wave- 
length of the DBR semiconductor laser, and the second 
wavelength variable portion fine-controls the oscll atog 
wavelength, whereby the oscillating wavelength s 
5 matched with a peak of the higher harmonic waves to 
obtain a constant output of the higher harmonic waves. 

Alternatively, a short wavelength laser beam source 
of the present invention includes: a DBR semiconductor 
laser having first wavelength variable portion; and a light 
w wavelength conversion device having second variable 
portion and periodically domain-inverted regions formed 
STonlinear^ 

emitted from the DBR semiconductor aser are con- 
verted into higher harmonic waves in the ligh twave- 
, 5 length conversion device, the first wavelength . vanabto 
portion coarse-controls an oscillating wavelength o : the 
DBR semiconductor laser, and the second wavelength 
variable portion fine-controls a phase-matched wave- 
length of the light wavelength conversion idev.ce 
20 whereby the oscillating wavelength is matched wrth a 
peak of the higher harmonic waves to obtain a constant 

output of the higher harmonic waves. 

Mernatively.ashort wavelength laser beamsource 

of the present invention includes: a wavelength-locked 
25 semiconductor laser; and a light wavelength corweraon 
device having an allowable wavelength half ^ 
wider than an oscillating vertical mode interval of the 
semiconductor laser, wherein fundamental waves emit- 
ted from the semiconductor laser are converted into 
so higher harmonic waves in the light ^ngth conver- 
sion device, and an oscillating wavelength of the sem. 
conductor laser is changed by controlling * current to be 
applied to the semiconductor laser so as to match with 
apeak of the higher harmonic waves, whereby a con- 
3S stant output of the higher harmonic waves is obtanej 
Alternatively, a short wavelength laser beam source 
of thepresent invention includes: a light wavelength con- 
version device having periodically domain-inverted 
regions formed in non-linear optical crystal; and a DBR 
40 semiconductor laser having a «^ e ' en ^ r, f e e D ^ r R 
ton, wherein a reflector is provided outs.de the DBR 
semiconductor laser and a laser oscillation is generated 
between the reflector and the DBR semiconductor laser, 
fundamental waves emitted from the DBR semiconduc- 
45 torlaserareconvertedirtohigherharmonicwavesinthe 

light wavelength conversion device, and an oscillatng 
wavelength of the DBR semiconductor laser is changed 
by controlling a current to be applied to the wavelength 
variable portion of the semiconductor laser so as to 
50 match the oscillating wavelength with a peak of toe 
higher harmonic waves, whereby a constant output of the 
higher harmonic waves is obtained. 

Alternatively, a short wavelength laser beam source 
of the present invention includes: a light wavelength con- 
55 version device having at least three periodically domain- 
inverted regions formed in non-linear optical crystal; and 
aserrtconJuctorlaser.wherem^ 
ically domain-inverted regions have a first per.od.caHy 
domain-inverted region having a period of A. a second 
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neriodically domain-inverted region having a period of 
A1 and a third periodically domain-inverted reg.on hav- 
ino'a period of A2, the relationship between the periods 
is A1 < A < A2, and higher harmonic waves generated 
in the second periodically domain-inverted region having 
a period of A1 and higher harmonic waves generated in 
the third periodically domain-inverted region having a 
period of A2 are detected by different detectors, respec- 
tively. . 

In one embodiment of the present invention, the light 
wavelength conversion device is an optical waveguide 
type. Preferably, the optical waveguide is a proton- 
exchanged optical waveguide. 

In another embodiment of the present invention, the 
light wavelength conversion device is a bulk type. 

In still another embodiment of the present .mention 
the non-linear optical crystal is LiNbJa^Oa (0 * X si). 

In still another embodiment of the present invention, 
the above-mentioned short wavelength laser beam 
source further includes a detector and a beam splitter. 

In still another embodiment of the present invention, 
an output of the fundamental waves is monitored to con- 
trol the current , K 

In still another embodiment of the present invention, 
a reflector is further provided between a cleavage face 
of the semiconductor laser and a DBR portion so that a 
vertical mode interval is set to be 1 nm or larger. 

In still another embodiment of the present .mention, 
a reflector is further provided on either of an incident face 
or an output face of the light wavelength conversion 

dSVI In still another embodiment of the present invention 

reflected return light of the fundamental waves in the light 

wavelength device is 0.2% or less. 

In still another embodiment of the present invention. 

the DBR semiconductor laser is RF-driven. 

In still another embodiment of the present invention, 
temperature of the semiconductor laser is controlled on 
a first face of a Peltier device, temperature of the light 
wavelength conversion device is controlled on a second 
face of the Peltier device, and change in temperature of 
the first face is opposite to change in temperature of the 
second face. 

Instill another embodiment of the present invention, 
a wavelength of the fundamental waves is shifted from a 
phase-matched wavelength of the light wavelength con- 
version device to modulate an output of the higher har- 
monic waves. _ 

In still another embodiment of the present invention 
a wavelength of the fundamental waves is matched wrth 
a phase-matched wavelength of the light wavelength 
conversion device, and thereafter, a drive current of the 
semiconductor laser is regulated so as to regulate the 
output of the higher harmonic waves. 

In still another embodiment of the present invention 
the wavelength variable portion or the first wavelength 
variable portion in the DBR semiconductor laser is posi- 
tioned on a side far away from the light wavelength con- 
version device. 



In still another embodiment of the present invention, 
the DBR semiconductor laser or the semiconductor laser 
as well as the light wavelength conversion device are 
mounted on a base member, an active layer of the i DBR 
5 semiconductor laser and an optical waveguKle oHhe 
ligrrtwavelengthconversiondevicearerespectivelypos.- 

tioned on a side far away from the base member. 

Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a method forstabto- 
w ing an output of higher harmonic waves enabling *e 
stable output of higher harmonic waves to be obtained 
irrespective of ambient temperature and (2) providing a 
short wavelength laser beam source using the same. 
These and other advantages of the present inven- 
ts tion willbecomeapparenttothoseskilled ^eartupon 
reading and understanding the following detailed 
description with reference to the accompanying f igures. 
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Figure 1 is a cross-sectional view showing a struc- 
ture of a short wavelength laser beam source in Embod- 
iment 1 of the present invention. 

Figure 2 is a graph showing the relationship between 
25 the applied current and the oscillating wavelength of a 
imSnductor laser in Embodiment ^ of the present 

Figure 3 is a graph showing the relationship between 
the ambient temperature and the output of higher har- 

30 monic waves. . ._,„. 

Figure 4 is a cross-sectional view showing a stiuc- 
ture of a short wavelength laser beam source in Embod- 
iment 2 of the present invention. 

Figures 5A through 5D are cross-sectional views 
35 showing the steps of producing a light wavelength con- 
version device included in the short wavelength laser 
beam source of Figure 4. 

Figure 6 is a cross-sectional view showing a struc- 
ture of a short wavelength laser beam source in Embod- 
40 iment 3 of ttie present invention. KahAI(1 p n 
Figure 7 is a graph showing the relationship between 
the drive current of a semiconductor laser and the power 
of the fundamental waves emitted therefrom. 

Figure 8 is a flow chart showing a method for stabi- 
45 lizing the output of higher harmonic waves in Embodi- 
ment 4 of the present invention. 

F,gure9isagraphshowingtherelationsWpbe^een 

the drive current at a distribution Bragg rejection (DBR) 
portion of a semiconductor laser and the oscillating 
so wavelength thereof in Embodiment 4 of the present 
invention. 

Figure 10 is a flow chart showing a method for sta- 
bilizing the output of higher harmonic waves in the case 
of utilizingaPeltierdeviceforfine control in Embodiment 
55 4 of the present invention. 

Figure 11 is a cross-sectional view showing a struc- 
ture of a light wavelength conversion device induded in 
a short wavelength laser beam source in Embodiment 5 
of the present invention. 
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Rgure 12 is a graph showing the relationship 
between the wavelength of 

the light wavelength conversion dev,ce of Figure 11 ana 
the output of higher harmonic waves therefrom. 

Figures 13A is a graph showing output electr.cs.g- 
nals from a detector when the «J*J^^ 
a semiconductor laser is changed in the short wave 

Son; Figure 13B is a graph showing a differential 

torTaser is changed in the short wavelength fcser beam 
source in Embodiment 5 of the present inventoa 

Figure 14 is apian view showing a structure of a l.ght 
wavelength conversion device included in a short wave- 
^SbeamsourceinEmbodmenteofthepresent 

^SelBteacross-sectionalviewshowingastruc- 
ture of a short wavelength laser beam source in Embod- 
iment 7 of the present invention. 

Figure 16 is a cross-sectional view showing a sfruc 
ture of a short wavelength laser beam source in Embod- 
iment 8 of the present invention. 

Figure 17 is a cross-sectional view showing a struc- 
ture of a semiconductor laser included in a short wave- 
length laser beam source in Embedment 9 of the present 

'^ure 18 is a graph showing the relationship 
between the effective resonator length (cavrty length) 

and the vertical mode interval. .. 

Figure 19 is a cross-sectional view showing , another 
structure of a semiconductor laser included in the short 
wavelength laser beam source in Embedment 9 of the 
present invention. . 

Figure 20 is a cross-sectional v.ew showing a struc- 
ture of a short wavelength laser beam source in Embod- 
iment 10 of the present invention. 

Rgure 21 is a graph showing the ^elat^nship 
between the vertical mode interval and the allowable 
wavelength width of higher harmonic waves. 

Rgure 22 is a cross-sectional view showing a struc- 
ture c? a conventional short wavelength laser beam 

S ° U Rgure23Ais a perspective view showing a structure 

of a conventional light wavelength conversion device; 

Figure 23B is a cross-sectional view taken along a line 

23B-23B of Figure 23A. 

Figures 24A and 24B are views illustrating the prin- 
ciple of wavelength conversion by the light wavelength 
conversion device. 

DESCRIPIIQNOEIHE^BE FPRREP EMBOD Y 
MEN3S 



The short wavelength laser beam source 100 
includes a light wavelength conversion ^ce 22a 
which periodically domain-inverted regions 3 are formed 
onthesurfaceofasubstratelmadecrfmn-linearoptical 

5 crystal, UTaOs- Furthermore, an W^™^^* 
folmed by proton exchange on the surface of the light 
wavelength conversion device 22a on which the period- 
ically domain-inverted regions 3 are formed. 

The short wavelength laser beam source 100 also 
,o indudesadistrifcrtionBraggr^ 

tor laser (hereinafter refened to as DBR semiconductor 
Lr) 2ia having a wavelength variable j.ort.oa The 
DBR semiconductor laser 21a and the light wavelength 
conversion device 22a are f ixed on a base member 20 
, 5 made of Al. Fundamental waves P1 emitted from the 
semiconductor laser 21a are Climated by a «r 
lens 24 pass through a semi-wavelength plate 26, are 
focused by a focus lens 25. and are incident upon the 
Sal waveguide 2 of the light wavelength conversion 
n £Te22aSough an incident face 10. The semwwave- 
length plate 26 is inserted so as to rotate the polarization 
Sonof thefundamental waves P1 by 90» and match 
ft Si the polarization direction of the optica, waveguide 

2 The fundamental waves P1 incident upon the optical 

. h „ m(V ,: r . waves 



Fmhndiment 1 

Figure 1 is a cross-sectional view showing a struc- 
ture of a short wavelength laser beam source 100 in 
Errfcodiment 1 of the present invention. 



25 The tunaarnenidi - 

waveguide 2 are converted into higher harmonic waves 
P2 in the domain-inverted region 3 having a phase- 
matched length L. Then, the power d the higher har- 
Sc waves P2 is amplified in the eubsequed non- 
30 domain-inverted region 4 also having a phase-mat<*ed 
length L. The higher harmonic waves P2 thus ampl^ed 
in the optical waveguide 2 are output from an output face 

12 ' The wavelengthatwhich thehigher harmonicwaves 
35 are aenerated (phase-matched wavelength) is deter- 
mfnei by quasiThase match based on the rdractve 
So. no'n-linear optica, crystal and the period d the 
domain-inverted regions 3. Because .of ths, the change 
in ambient temperature causes the change in the rdrac 
40 ^eindexofthenon-.inearopticalcrystal;asaresutt,the 

phase-matched wavelength changes. 

Next, the DBR semicondurtor laser 21a will be 

deSC ThfDBR semiconductor laser 21a includes a light- 
« emitting portion 42, a phase control portion 41 and a 
DBR portion 40. The light-emitting portion 42, the phase 
control portion 41 . and the DBR portion 40 can be inde- 
SndenW contrd.ed by electrodes 41 a. and 40a, 
respedively. When a current is mierted into the hght- 
5 o eSgporti W 42throughtheeledrode42a.anactve 
5 light. When the injected current ^exceeds 

an oscillating threshold, the reflection caused by -a Jront 
cleavage face 45 d the semiconductor laser 21 a and J 
diffraction grating 43 provided on the DBR 1 portion 
5S allows oscillation to occur, whereby « las« osalla^ 
The change in the current injeded into the DBR por 
tion 40 d the semicondudor laser 21a causes the 
change in the refradive index; as a result, the feedba* 
wavelength changes. By utilizing this principle, the DBR 
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portion 40 can be operated as a wavelength variable por- 
tion, whereby the oscillating wavelength of a laser can 
be varied. . 

Furthermore, when a current is injected into the 
phase control portion 41 through the electrode 41* the 
oscillating wavelength can be continuously varied. Thus, 
the phase control portion 41 also operates as a wave- 
length variable portion. 

Next, a method for stabilizing the output of higher 
harmonic waves will be described. 

When ambient temperature changes, the phase- 
matched wavelengfh of the light wavelength conversion 
device 22a changes. By changing the oscillating wave- 
length ot the DBR semiconductor laser 21 a, the oscil at- 
ing wavelength of the laser 21a can be matched with the 
changed phase-matched wavelength in light wavelength 
conversion device 22a. 

At this time, the output of higher harmonic waves 
from the light wavelength conversion device 22a is 
divided byabeams P litter27andapar1 iof the ou^utcan 
be monitored by a Si detector 28. According to thissfruc- 
ture a value of a current to be applied to the elecfrodes 
40aand41acanberegulated so that theoutput of higher 

harmonic waves always takes the highest value and the 
output of the higher harmonic waves P2 can be stably 
maintained at an intended value. 

The output of higher harmonic waves can be con- 
trolled by. for example, the following method. 

First the value of a current to be injected into the 
electrodes 40a and 41a is slightly changed into the (+) 
direction, and the output of the higher harmonic waves 
P2 is detected. When the output of the higher harmony 
waves P2 decreases, the value of the current is changed 
into the (-) direction, thereby increasing the output of the 
higher harmonic waves P2. When the output of the 
higher harmonic waves P2 increases from the intended 
value the value of the current is changed into the (+) 
direction. By repeating this, the output of the higher har- 
monic waves P2 can be always kept at around a peak 

Veil U 6 

Figure2 is agraph showing the relationship between 
the current applied to the electrode 40a in the semicon- 
ductor laser 21a and the oscillating wavelength thereof 
As is understood from Figure2. when the injected current 
changes by about 150 mA. the oscillating wavelength 
changes by about 10 nm. Thus, even when the quasi- 
phase-matched wavelength changes, the oscillating 
wavelength of the semiconductor laser is changed in a 
widerangeby controlling thevalueof the injected current 
so that the oscillating wavelength is matched with the 
phase-matched wavelength. 

Figure 3 is a graph showing the relationship between 
the ambient temperature and the output of higher har- 
monic waves. As is understood from Figure*; *hen ita 
ambient temperature is in the range of 0 to 70'C theout- 
put of the higher harmonic waves fluctuate within ±3%. 

In the short wavelength laser beam source 100 in 
this embodiment, the fundamental waves are converted 
into the higher harmonic waves at an efficiency of 5^ 



with respect to the input power of 40 mW. Even after an 
operation time elapses, epical damages are not caused, 
for example, the fluctuation of the output of the hjgher 
harmonic waves during the continuous operation of 500 
5 hours is very stable, i.e., within ±3%. 

Furthermore, when the incident face 1 0 and the out- 
put lace 1 2 of the light wavelength conversion device 22a 
are subjected to coating for the purpose of preventing 
reflection, the reflection with respect to the furrtamerrtal 
w waves is prevented, and a stable operation of the DBR 
semiconductor laser can be realized. Preferably . the 
reflectance with respect to the fundamental waves is set 
to be 0 2% or less. When the reflectance is larger than 
this, there are cases where the operation becomes 
, 5 unstabte. ^ modu|afon Q{ fte output ^ tne higher har- 
monic waves will be described. 

In the above-mentioned structure of the short wave- 
length laser beam source 100, the refractive index 
20 changes eff iciently with respect to the current applied to 
the DBR portion 40. This enables the oscillating wave- 
length of the semiconductor laser 21a to modulate. For 
example, when a current is applied to the DBR portion 
40 under the condition that the phase is matched in the 
2S initial state, the refractive index greatly Ranges and the 
oscillating wavelength of the semiconductor jaser 21a 
shifts from the phase-matched wavelength of the light 
wavelength conversion device 22a. Thus, the On/Off 
control of the output of the higher harmonic waves can 
so be performed by using the change in a current injected 
into the DBR portion 40. In the structure of the short 
wavelength laser beam source 100. it is oor^rmedthat 
the output of the higher harmonic waves is modulated by 
applying an injection current, which is applied with a 
35 modulated signal of 10 MHz, to the electrode 40a. 



Em bodiment 2 

Figure 4 is a cross-sectional view showing a struc- 
40 tore of a short wavelength laser beam source 200 in 
Embodiment 2 of the present invention. 

The short wavelength laser beam source 200 
includes a light wavelength conversion device 22b in 
which periodically domain-inverted regions 3 are formed 
« on the surface of a UTa0 3 substrate of -Z plate (minus 
side of a substrate cut out in the vertical direction of a Z- 
axis). Furthermore, an optical waveguide 2 is formed by 
proton exchange on the surface of the light waveteng* 
conversion device 22bon which the periodically domain- 
50 inverted regions 3 are formed. UTa0 3 is a material wrth 
which the optical waveguide 2 and the domain-inverted 
region 3 are easily formed. „. . „ 

The short wavelength laser beam source 200 also 
includes a DBR semiconductor laser 21b having a wave- 
55 .ength variable portion. The DBR ^oondurtor laser 
21 b and the light wavelength conversion device 22b are 
fixed on a base member 20 made of Al. Fundamental 
waves P1 emitted from the semiconductor laser 21 b are 
collimated by a collimator lens 24. pass through a semi- 



7 



13 



EP 0 703 649 A2 



14 



wavelength plate 26. are focused by a focus lens 25 and 
are incident upon the optical wavegu.de 2 of the tight 
wavelength conversion device 22b through an incident 
face 10 The semi-wavelength plate 26 is inserted so as 
to rotate the polarization direction of the fundamental 
waves P1 by 90° and match it with the polarization direc- 
tion of the optical waveguide 2. 

The fundamental waves P1 incident upon the optical 
waveguide 2 are converted into higher harmonic waves 
P2 in the domain-inverted region 3 having a phase- 
matched length L. Then, the power of the higher har- 
monic waves P2 is amplified in the subsequent nor, 
domain-inverted region 4 also having ^Phase-matched 
length L. The higher harmonic waves P2 thus amplrted 
in the optical waveguide 2 are output from an output face 

Next, the DBR semiconductor laser 21b will be 

d6S( The*DBR semiconductor laser 21b includes a light- 
emitting portion 42 and a DBR portion 40. When a cur- 
rent is injected into the light-emitting PO^ 0 " 42 ^ 0 "^ 
the electrode 42a. an active layer 44 emite tight. When 
the injected current exceeds an oscillating threshold, the 
reflection caused by afrorrt cleavage face 45 of the sem- 
iconductor laser 21 b and a diffraction grating 43 prov.ded 
on the DBR portion 40 allows oscillation to occur 
whereby a laser oscillates. By injecting a predetermined 
current into the electrode 42a. the power of the funda- 
mental waves P1 to be oscillated becomes constant. 

Next a stable operation of the short wavelength 
laser beani source 200 will be described. 

In the short wavelength laser beam source 200 
shown in Figure 4. a thin f ilm heater 15 is formed on the 
optical waveguide 2 of the light wavelength conversion 
device 22b. The reflectance of LiTa0 3 changes with the 
change in temperature, which causes the change in the 
phase-matched wavelength; however, the surface tem- 
perature of the light wavelength conversion device 22b 
is maintained at a substantially constant value because 
of the thin film heater 1 5. On the other hand * e J e °* er ; 
ature of the DBR semiconductor laser 21b is kept at a 
constant temperature, for example. 20-C by a Peltier 
device 48 provided on the reverse surface of the base 

mer 7he ^dilating wavelength of the DBR semiconduc- 
tor laser 21b is stable compared with that of ordinary 
Fabry-Perot lasers. The reason for this is as follows: me 
oscillating wavelength of the DBR ^^^ ot ^ 
is determined based on the period of the diffraction grat- 
ing 43 of the DBR portion 40 and the effective refractive 
index thereof. Even when a current injected into the 
active layer 44 through the electrode 42a is changed, the 
oscillating wavelength is hardly affected. Therefore, the 
oscillating wavelength does not change when tempera- 
ture is kept constant. Although the change in refractive 
index can slightly fluctuate wavelength overalong period 
of time, the amount of such a change is negligible; thus, 
such a change can be coped with by slightiy changing i a 
drive cunent for the semiconductor laser 21b. Also, the 



great change in the oscillating wavelength can be stabi- 
lized by changing the temperature of the thin film heater 
of the light wavelength conversion device. 

Next a method for producing the light wavelength 
5 conversiondevicewillbedescribedwrthreferencetoFig- 

ures5A through 5D. 

As shown in Figure 5A. a Ta film 6a is formed on a 
LiTaOs substrate 1 in a predetermined periodic pattern 
by ordinary photoprocess and dry etching. The L>Ta0 3 
,o substrate 1 with the Ta film 6a formed thereon « ,sub- 
jected to a proton-exchange processing at 260 C for 30 
minutes in pyrophosphoric acid, whereby a proton- 
eichange layer with a thickness of 0.8 urn is formed on 
Portions of the surface of the substrate 1 wh.charenot 
, 5 coveredwiththeTafilmea. Thereafter, the resultant sub- 
strate 1 is heat-treated at 550-C for 
periodically domain-inverted regions 3 are formed as 
shown in Figure 5B. The areas covered with the Ta film 
6a correspond to non-domain-inverted regions 4. 
20 Then, the Tafilm 6a is removed, and another Taf lm 
with a thickness of 30 nm is formed on the surface of the 
substrate 1 in a stripe pattern as a protective mask for 
proton exchange in the subsequent step of forming an 
optical waveguide. Thereafter, the resultant substrate A 
25 is subjected to a proton-exchange P"««^S?£ 
for 16 minutes, followed by being annealed at 380 C for 
10 minutes. As a result, an optical waveguide 2 as shown 
in Figure 5C is formed. The Ta film is then removed. 
Furthermore, as shown in Figure 5D. a S,0 2 layer 
3 o 14 is formed on the resultant substrate 1 as a protective 
film andaT.filmisformedontheSi0 2 film14. The h.ck- 
ness of the T. film is typically about 200 nm. Then, the Ti 
film is patterned to a predetermined shape by using pho- 
tolithography and etching to form a thin film heater 15^ 
35 Finally, incident and output faces are formed on the 
respective facets of the substrate 1 by polishing. 

The optical waveguide 2 formed by the above-men- 
tioned process typically has a width of about 4 jim and 
a length of about 1 cm. The domain-inverted regions 3 
40 has a period of about 3.8 fun and a thickness of about 
2.0 ^m. The arrows in Figures 5A through 5D represent 
the direction of domains in each region. 

In the light wavelength conversion device 200 pro- 
vided with thethinf ilm heater 15, the change mthequasi- 
« phase-matched wavelength hardly affects the opera- 
tional characteristics; thus, the device 200 can be used 
in a wide range of environment temperatures. The effi- 
ciency of the conversion from the fundamental waves P1 
to the higher harmonic waves P2 is 2.5% with respect to 
so the input of 40 mW at a wavelength of 858 nm. Also, in 
the device 200. the output of higher harmonic waves can 
be obtained in a very stable manner without any optical 
damages. Furthermore, regarding the output of the 
higher harmonic waves from the optical waveguide 2. a 
55 spot without astigmatism can be easily and stably 
obtained. 
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Embodiment 3 



Figure 6 is a cross-sectional view showing a struc- 
ture of a short wavelength laser beam source 300 in 
Embodiment 3 of the present invention. 

The short wavelength laser beam source 300 basi- 
cally includes a Fabry-Perot semiconductor laser 21c 
and a light wavelength conversion device 22c fixed on a 
Si submount 20a. 

Fundamental waves P1 emitted from the semicon- 
ductor laser 21c are directly introduced into an optical 
waveguide 2 of the light wavelength conversion device 
22c and converted into higher harmonic waves P2 while 
being propagated through the optical waveguide 2. Here, 
the light wavelength conversion device 22c has the same 
domain-inverted structure as that of the light wavelength 
conversion device 22a in Embodiment 1 

In the light wavelength conversion device 22c of this 
embodiment, a LiNbOa substrate 1a doped with MgO is 
heat-treated at 1 120°C to form domain-inverted regions 
3 Furthermore, as the optical waveguide 2. a proton- 
exchange optical waveguide is used, which can be 
formed by a treatment at a temperature lower than that 
of the heat treatment in the course of forming the domain- 
inverted regions 3. Athin film heater 15 is formed on the 
optical waveguide 2. The light wavelength conversion 
device 22c having the above structure is positioned on 
the Si submount 20a so that the thin film heater 1 5 faces 
the Si submount 20a. 

The fundamental waves P1 emitted from the semi- 
conductor laser 21c. after being incident upon the light 
wavelength conversion device 22c. is reflected from a 
diffraction grating 17 and has its wavelength locked. On 
the other hand, part P1a of the fundamental waves P1 
is output from the facet of the semiconductor laser 21c 
opposite to the output face (facet facing the light wave- 
length conversion device 22c). and the amount of the 
part P1 a is detected by a Si detector 28. When the con- 
trol current of the semiconductor laser 21c is regulated 
by the feedback control based on the detected amount 
of the part PI a so that the output of the fundamental 
waves PI supplied to the light wavelength conversion 
device 22c becomes maximum, the output of the higher 
harmonic waves P2 can be consequently kept constant. 

Figure 7 is a graph showing the relationship between 
the drive current of the semiconductor laser 21c and the 
power of the fundamental waves. 

Under the condition where optical feed-back is 
established, the oscillating wavelength of the semicon- 
ductor laser 21c is fixed to a mode which is closest to 
the feed-back mode (determined by the length and the 
refractive index of the semiconductor laser 21c). How- 
ever, when the temperature and the drive current 
changes, a mode to which the oscillating wavelength is 
fixed is replaced by another mode. For example, upon 
the change in the drive current when the value of the 
drive current coincides with that of a current causing 
mode hopping, the output of the semiconductor laser 21 c 
becomes minimum; on the other hand, when the value 



of the drive current coincides with that of a current pro- 
viding an oscillating wavelength identical with a peak 
wavelength to be fed back, the output of the semicon- 
ductor laser 21c becomes maximum. Because of this. 
* when the value of the drive current increases, the peri- 
odical increase and decrease in the output are recog- 
nized as shown in Figure 7. 

In the structure of the short wavelength laser beam 
source 300 shown in Figure 6. the amount of the part 
w Pla emitted from the semiconductor laser 21c on the 
opposite side of the light wavelength conversion device 
22c has a correlation with the amount of the fundamental 
waves P1 incident upon the light wavelength conversion 
device 22c. mis. even when temperature changes, sta- 
rs bilization control for putting the output of the f undamenta 
waves in a peak state, i.e., for keeping a stable state of 
a mode can be performed by detecting the output of the 
part P1 a by the detector 28 and feeding back the 
detected result to change the drive current. Because of 
20 this stabilization control, the fundamental waves of 80 
mW can be converted into higher harmonic waves at a 
conversion eff iciency of 4% and very stable output can 
be obtained in a temperature range of about +30 <, C. 
As described above, in the short wavelength laser 
25 beam source 300 in this embodiment, the oscillating 
wavelength of the semiconductor laser 21 c is stabilized, 
and even when ambient temperature changes, the tem- 
perature of the optical waveguide 2 of the light wave- 
length conversion device 22c is kept constant by the thin 
so f ilm heater 1 5. Because of this, the maximum output of 
the higher harmonic waves (3 mW) can be always kept 
constant. The relative noisefield intensity is very low. i.e., 
- 140 dB/Hz. which is a practical value. When mode hop- 
ping of the fundamental waves takes place, noise 
35 increases, making it difficult to read information from an 
optical disk; however, according to this embodiment, the 
modehoppingisprevented from occurring, leadmgtothe 

improvement of usefulness of short wavelength laser 

devices. . 
40 tt is noted that monitoring of the output of the funda- 
mental waves by the detector 28 can be performed with 
respect to the fundamental waves output from the optical 

waveguide 2. 

Thus by changing the drive current of the semicon- 
45 ductor laser 21c, the oscillating wavelength is regulated 
to be stabilized. Asdescribed above, when the oscillating 
wavelength is locked by optical feed-back, the funda- 
mental waves periodically increase and decrease, and a 
peak can be easily detected. As a method of optical feed- 
so back, those other than DBR described above can be 
used For example, an external diffraction grating, the 
reflection at a confocal optical system, etc. can be 
applied. 



55 Fmbodiment 4 

A short wavelength laser beam source in Embodi- 
ment 4 of the present invention will be described. 
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The short wavelength laser beam source of this 
embodiment has the same structure as that. ^the .short 
wavelength laser beam source 100 descnbed in Embod- 
S 1 with reference to Bgure 1 . A control method ,n 
hislmbodiment is different from that of Embod-ment 1 ; 
,S embodiment uses both fine control and coarse con- 

trol- 4 „ ft 
The short wavelength laser beam source 100 
includes a light wavelength conversion 
which periodically domain-inverted reg.ons 3 are fonmed 
Srthe surface of a substrate 1 made dnon-l.nearopt.cal 
aystal. UTa0 3 . Furthermore, an opticah ^avegu.de 2 « 
2med by proton exchange on the surface of the light 
wavSng!h conversion device 22a on which the penod- 
ically domain-inverted regions 3 are formed. 

The short wavelength laser beam source 100 also 
includes a DBR semiconductor laser 21 a havinga wave- 
Sh variable portion. The DBR semicorductoMaser 
21a and the light wavelength corwers.on de^ce 22^a are 
tixed on a base member 20 made of Al. Fundamental 
waves P1 emrtted from the semiconductor laser 21a are 
collimated by a collimator lens 24 pass through a sem, 
wavelenoth plate 26, are focused by a focus lens 25, and 
rSt upon the optica, waveguide 2 of the hght 
wavelength conversion device 22a through an mcderrt 
face 10 The semi-wavelength plate 26 .s .nserted so as 
to rotate the polarization direction of the fundamental 
waves P1 by 90° and match it with the polarization direc- 
tion of the optical waveguide 2. 

The fundamental waves P1 incident upon the light 
wavelength 2 are converted into higher harmonic waves 
P2 in the domain-inverted region 3 
matched length L. Then, the power of tehjerha 
monic waves P2 is amplified in the subsequent non- 
domain-inverted region 4 also having *J***™«^ 
length L. The higher harmonic waves P2 thus ampl Jed 
in the optical waveguide 2 are output from an output face 

12 ' Thewavelengthatwhichthehigherharmonicwayes 
are generated (phase-matched wavelength) .s deter- 
mined by quasi-phase match based on the refractrve 
Jdex of non-linear optical crystal and the period of the 
domain-inverted regions 3. Because of this, the cMnge 
in ambient ternperaturecausesthechange.nthe refrac- 
tive indexof the non-linear optical crystal; asaresult. the 
phase-matched wavelength changes 

Next, the DBR semiconductor laser 21a w.ll be 

deS TheDBR semiconductor laser 21a includes a light- 
emitting portion 42. a phase control portion 41 and * 
DBR portion 40. The light-emitting portion 42. the phase 
control portion 41. and the DBR portion 40 can be inde- 
pendently controned by electrodes ,42* 41a and 40a. 
respectively. When a current is injected into the hght- 
eS portion 42 through the electrode 42a. an active 
Ser 44 emits Hght. When the injected currerrt ^exceeds 
an oscillating threshold, the reflection caused by a front 
cleavage face 45 of the semiconductor laser 21a and a 



diffraction grating 43 provided on the DBR portion ,40 
allows oscillation to occur, whereby a laser oscillates. 

The change in the current injected into the DBR por- 
tion 40 of the semiconductor laser 21a . ****** 
s change in the refractive index; as a result, 

wavelength changes. By utilizing th.s *» D ?J 

portion 40 canbe operated asaf^wavelengttivarab.e 
portion, whereby the oscillating wavelength of a laser 

can be varied. ... .. 

,„ Furthermore, when a current is in^cted into ttie 
phase control portion41 through the *ectrode4la ti^e 
oscillating wavelength can be continuously vanedThus. 

the phase control portion 41 operates as a second wave- 
length variable portion. . 
, 5 \n particular, in this embodiment, the control by the 
DBR portion 40 is assumed to be coarse control and I the 
control by the phase control portion 41 is assumec to be 
S? confrol. A method for stabilizing the 
harmonic waves in this embodiment w,ll bedescrtoed by 
20 illustrating the rising time of the short wavelength , aser 
beam source 100 with reference to aflow chart in F.gure 

8 ' It is assumed that when a power source is turned 
on the oscillating wavelength is shifted from the phase- 
25 matched wavelength, and higher harmon.c waves a e 
not generated. The output of higher harmon.c waves* 
d Jed by a beam splitter 27 and part of it is mon.tored 
by a Si detector 28. 

First, a drive current of the DBR portion 40 is 
30 changed (Step 810). As is understood from the graph 

arKlthe«*illatingwave.en^ 
curremflov«ngmroughtheelectic<ie40aoftheDB^ 

tion 40 is changed, the oscillating wavelength i changes 
es while partially conducting the mode hopp-ngWherr the 
oscillating wavelength comes close to the phase 
matched wavelength, higher harmonic waves P2 are 
generated. When the generation of the higher harmonic 
waves P2 isdetected (Step 820). acurrentflowmgtothe 
40 DBR portion 40 is fixed (Step 830). 

Next in step 840. a current flowing through the elec- 
trode 41a of the phase control portion 41 is changed 
fSteo 840) In the case where the current f low.ng to the 
phase control portion 41 is changed, a range in which 
45 me oscillating wavelength can vary without mode pop- 
ping is broader compared with the case where the cur- 
rent of the DBR portion 40 is changed Because^ of this 
the oscillating frequency can be readily ^just^ to the 
wavelength at which the output of the higher harmony 
50 waves reaches a peak. In this manner, whether or not 
the output of the higher harmonic waves becomes max- 
imum I detected (Step 850). and when the ^put 
becomes maximum, a current flowing through the phase 
control portion 41 is fixed (Step 860) 
ss m the above-mentioned operation, the oscillating 
wavelength is set in such a manner that the maximum 
output of the higher harmonic waves is obtained. 

When anfcient temperature changes, the phase- 
matched wavelength of the light wavelength conversion 
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device 22a changes. In this case, by changing the oscil- 
lating wavelength of the DBR serrtconductoi -laser 21* 
the oscillating wavelength can be matched with the thus 
changed quasi-phase-matched wavelength of the light 
wavelength conversion device 22a. Specifically, in the 
same process as described above, the higher harmonic 
waves P2 can be stably obtained by regulating a current 
applied to the electrodes 40a and 41a in such a manner 
that the output of the higher harmonic waves always has 
the maximum value. Furthermore, regarding the change 
in the quasi-phase-matched wavelength of the light 
wavelength conversion device, the oscillating wave- 
length of the semiconductor laser can be regulated in 
accordance with the change in the phase-matched 
wavelength by changing the oscillating wavelength in a 
broad range. 

In this embodiment, fluctuation in the output of the 
higher harmonic waves can be suppressed within ±2% 
at a temperature in the range of 0 to 70'C. The conver- 
sion efficiency at which the fundamental waves are con- 
verted into the higher harmonic waves is 5% with respect 
to an input of 40 mW. Even when the control as shown 
in theflow chart of Figure 8 is performed, the rising time 
of the semiconductor laser is short, i.e.. within 01 sec- 
onds Furthermore, even after a continuous operation for 
a long period of time. i.e.. 500 hours, optical damages 
are not caused; the output of the higher harmonic waves 
is very stable, i.e., within ±2%. 

Such a stable operation can be achieved by the com- 
bination of the coarse control and fine control with 
resoect to the oscillating wavelength. Specifically, the 
apdication of a current to the DBR portion 40. capable 
of changing the oscillating wavelength in a broadrange 
although slight mode hopping is generated in the change 
in the oscillating wavelength, is used for the coarse con- 
trol- on the other hand, the application of a current to the 
phase control portion 41 . in which a variable range of the 
oscillating wavelength is narrow although mode hopping 
is not generated, is used for the fine control. In th,s way. 
the oscillating wavelength can be controlled in a wide 
range at high speed. 

In the above-mentioned series of controls described 
above with reference to Figure 8. the change in temper- 
ature by the Peltier device is utilized for the f ine control. 
Figure 10 shows the control flow chart in this case. Spe- 
cifically, in place of the control (Steps 840 and 860) of a 
currentf lowing through the phase control portion shown 
in Figure 8. the change in temperature is caused by con- 
trolling the current flowing through the Peltier device 
(Steps 845 and 865). By doing so, the oscillating wave- 
length is controlled in combination with the control of a 
current flowing through the DBR portion 40. Other steps 
in Figure 1 0 are the same as those in Figure 8; therefore, 
the description thereof are omitted here. 

According to a control method using the Peltier 
device shown in Figure 10. the fluctuation of the > output 
of the higher harmonic waves can be suppressed within 
±2% In this case, it is not required to form the phase 



control portion 41 in the semiconductor laser; therefore, 
the semiconductor laser can be formed with good yield. 

By forming the thin film heater to control the passage 
current thereto, fine control can also be Performed. In 
s particular, when the heater is integrated on the DBR 
semiconductor laser, the semiconductor laser or the 
short wavelength laser beam source can be mimatur- 
izsd 

As long as the oscillating wavelength can be 
10 changed in a wide range, any methods can be used for 
coarse control. Also, by forming the thin film heater on 
the light wavelength conversion device, fine control can 
be performedby using the passage current thereto. More 
specifically, even when the second wavelength variable 
is portion is provided in the light wavelength conversion 
device, continuous fine control of the oscillating wave- 
length can be performed. 



Embodiment 5 



A short wavelength laser beam source in Embodi- 
ment 5 of the present invention will be described with 
reference to Figure 11. . 

In this embodiment, an optical waveguide type light 
25 wavelength conversion device 22d is used as the one 
included in a short wavelength laser beam source In the 
light wavelength conversion device 22d, per.od.cany 
domain-inverted regions 3 are formed in a LiTa0 3 sub- 
strate 1 and an optical waveguide 2 is formed by proton 
30 exchange. Fundamental waves P1 incident through an 
incident face 10 are converted into higher harmonic 
waves P2 while propagating through the optical 
waveguide 2 and output from an output face 12. 

As a control method for stabilizing the output of ttie 
35 higher harmonic waves P2 to be output, a method of dif- 
ferential detection is used in the light wavelength conver- 
sion device 22d. For this purpose, in the light wavelength 

conversion device 22d, second periodically domain- 
inverted regions 3a having a short period (period: A1) 
40 andthirdperiodicallydomain-invertedregions3bhav.ng 
a long period (period: A2) are formed in portions closer 
to the incident face 10 in addition to the first periodically 
domain-inverted regions 3 performing ordinary wave- 
length conversion. Specifically, three kinds of the period- 
's ically domain-inverted regions 3a, 3b, and 3 respectively 
having different periods are provided. The relationship 
between the periods is A1 < A < A2. 

Furthermore, diffraction gratings 17a and 17b hav- 
ing different pitches are formed on the periodica^ 
so domain-invertedregions3aand3b. respectively. The dif- 
fraction gratings 17a and 17b allow the fundamental 
waves P1 incident through the incident face 10 to pass 
through. However, higher harmonic waves P2a and P2b 
converted from the fundamental waves PI by the second 
55 and third periodically domain-inverted regions 3a and 3b 
are diffracted toward the inside of a substrate 1 Further- 
more, detectors 28a and 28b are provided on the reverse 

surface of the substrate 1 so as to allow the diffracted 
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higher harmonic waves P2a and P2b to be incident 
thereupon. 

Although not shown in Figure 1 1 , as a semiconduc- 
tor laser, a DBR semiconductor laser having a wave- 
length variable function is used. The fundamental waves s 
P1 emitted from the semiconductor laser are incident 
upon the optical waveguide 2 of the light wavelength con- 
version device 22d. The fundamental waves P1 incident 
upon the optical waveguide 2 are converted into higher 
harmonic waves P2a, P2b ( and P2 by the periodically i 
domain-inverted regions 3, 3a, and 3b, respectively. 

Figure 12 shows a graph showing the relationship 
between the wavelength of the fundamental waves to be 
input and the output of the higher harmonic waves to be 
generated from the fundamental waves. A region where is 
the second periodically domain-inverted regions 3a are 
formed has a length of 1 mm, a phase-matched wave- 
length (peak wavelength) of 861 nm, and a wavelength 
half value width of 1 nm. A region where the third peri- 
odically domain-inverted regions 3b are formed has a 20 
length of 1 mm, a phase-matched wavelength of 862 nm, 
and a wavelength half value width of 1 nm. A region 
where the first periodically domain-inverted regions 3 are 
formed has a length of 9 mm, a phase-matched wave- 
length of 861 .5 nm, and a wavelength half value width of 2£ 
0.1 nm. 

When the oscillating wavelength of the semiconduc- 
tor laser is matched with the phase-matched wavelength 
of the light wavelength inversion device, the first period- 
ically domain-inverted regions 3 react to generate the 3< 
higher harmonic waves P2, which are output from the 
output face 12. However, when the oscillating wave- 
length is shorter than the phase-matched wavelength of 
the light wavelength inversion device, the second peri- 
odically domain-inverted regions 3a react to generate 3 
the higher harmonic waves P2a. Alternatively, when the 
oscillating wavelength is longer than the phase-matched 
wavelength of the light wavelength inversion device, the 
third periodically domain-inverted regions 3b react to 
generate the higher harmonic waves P2b. The respec- < 
tively generated higher harmonic waves P2a and P2b 
are diffracted by the diffraction gratings 1 7a and 1 7b and 
incident upon the detectors 28a and 28b. Those higher 
harmonic waves P2a and P2b are converted into electric 
signals by the detectors 28a and 28b. 

Figure 13A shows output electric signals (output 
current values) of the detectors 28a and 28b in the case 
where the wavelength of the DBR semiconductor laser 
is changed. Here, assuming that the signal of the detec- 
tor 28a is I. and the signal of the detector 28b is II, the 
differential output thereof is Ml. 

Figure 1 3B shows a differential output Ml in the case 
where the oscillating wavelength of the semiconductor 
laser is controlled with an applied current. In actual con- 
trol, the oscillating wavelength is controlled with an 
applied current so that the fluctuation of the differential 
output Ml is within ±2%. Because of this, the value of the 
output of the higher harmonic waves can always be kept 
in the vicinity of a peak value. Specif ically, when temper- 



ature changes in the range of 5 to 70°C, the output of the 
higher harmonic waves is fluctuated, for example, within 
±1%. 

As described above, the output of the higher har- 
monic waves can be simply and sufficiently stabilized by 
using the differential output. The conversion efficiency at 
which the fundamental waves P1 are converted into the 
higher harmonic waves P2 is 5% with respect to an input 
of 60 mW. The first periodically domain-inverted regions 
3 for obtaining an actual output of higher harmonic waves 
and the second and third periodically domain-inverted 
regions 3a and 3b used for differential detection can be 
produced on the identical substrate 1 with the identical 
mask by the identical process. Therefore, the relation- 
ship between the phase-matched wavelengths of the 
periodically domain-inverted regions 3, 3a, and 3b is 
constant, and the oscillating wavelength is readily f ixed 
to a peak of the output of the higher harmonic waves by 
the differential detection. 

In the above description, the oscillating wavelength 
of the semiconductor laser is changed; however, even 
when the phase-matched wavelength of the light wave- 
length conversion device is changed by regulating the 
conditions of temperature and an electric field, similar 
effects can be obtained. 

Embodiment 6 

A short wavelength laser beam source in Embodi- 
) ment 6 of the present invention will be described. Figure 
14 is a plan view showing a structure of a light wave- 
length conversion device 22e used for the short wave- 
length laser beam source of this embodiment. 

In this embodiment, an optical waveguide type light 
5 wavelength conversion device 22e is used as the one 
included in a short wavelength laser beam source. In the 
light wavelength conversion device 22e, periodically 
domain-inverted regions 3 are formed in a UTa0 3 sub- 
strate 1 and an optical waveguide 2 is formed by proton 
.0 exchange. Fundamental waves P1 incident through an 
incident face 10 are converted into higher harmonic 
waves P2 while propagating through the optical 
waveguide 2 and output from an output face 12. 

As a control method for stabilizing the output of the 
is higher harmonic waves P2 to be output, a method of dif- 
ferential detection is used in the light wavelength conver- 
sion device 22e. For this purpose, in the light wavelength 
conversion device 22e, second periodically domain- 
inverted regions 3a having a short period (period: A1) 
so and third periodically domain-inverted regions 3b having 
a long period (period: A2) are formed in portions closer 
to the incident face 10 in addition to the first periodically 
domain-inverted regions 3 performing ordinary wave- 
length conversion. Specifically, three kinds of the period- 
ss ically domain-inverted regions 3a, 3b, and 3 respectively 
having different periods are provided. The relationship 
between the periods is A1 < A < A2. 

Furthermore, branch optical waveguides 2a and 2b 
are formed on the second and third periodically domain- 
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inverted regions 3a and 3b. respectively. Fundamental 
waves P1 are coupled to the branch optical waveguides 
2a and 2b via a directional coupler 50. Higher harmonic 
waves P2a and P2b, which are generated based on the 
fundamental waves PI propagating through the branch 
optical waveguides 2a and 2b, are output outside of a 
substrate 1. Furthermore, detectors 28a and 28b are 
provided on the side surface of the substrate 1 so as to 
allow the diffracted higher harmonic waves P2a and P2D 
to be incident thereupon. 

Although not shown in Figure 14, as a semiconduc- 
tor laser a DBR semiconductor laser having a wave- 
length variable function is used. Thefundamental waves 
P1 emitted from the semiconductor laser are incident 
upon theoptical waveguide2of the light wavelength con- 
version device 22e. The fundamental waves P1 mc.dent 
upon the optical waveguide 2 are converted into higher 
harmonic waves P2 by the periodically domain-inverted 
regions 3. The converted higher harmonic waves P2 
propagate through the optical waveguide 2 and output 
outside from an output face 12. 

On the other hand, the fundamental waves PI which 
are not converted are coupled to the branch optical 
waveguides 2a and 2b via the directional coupler 50. The 
fundamental waves PI propagating through the branch 
optical waveguides 2a and 2b are converted into the 
higher harmonic waves P2a and P2b by the second and 
third periodically domain-inverted regions 3a and 3b pro- 
vided at the ends of the optical waveguides 2a and 2b. 

A region where the second periodically domain- 
inverted regions 3a (period: A1) are formed has a length 
of 1 mm a phase-matched wavelength of 861 nm, and 
a wavelength half value width of 1 nm. A region where 
thethird periodically domain-inverted regions 3b (period: 
A2) are formed has a length of 1 mm, a phase-matched 
wavelength of 862 nm, and a wavelength half value writh 
of 1 nm A region where the first periodically domain- 
inverted regions 3 are formed has a length of 9 mm, a 
phase-matched wavelength of 861.5 nm. and a wave- 
length haft value width of 0.1 nm. 

As described in the previous embodiment, when the 
oscillating wavelength of the semiconductor laser is 
matched wHh the phase-matched wavelength of the light 
wavelength inversion device, the first periodically 
domain-inverted regions 3 react to generate the higher 
harmonic waves P2. which are output from the output 
face 12 However, when the oscillating wavelength is 
shorter than the phase-matched wavelength of the light 
wavelength inversion device, the second periodically 
domain-inverted regions 3a react to generate the higher 
harmonic waves P2a. Alternatively, when the oscillating 
wavelength is longer than the phase-matched wave- 
length of the light wavelength inversion device, the third 
periodically domain-inverted regions 3b react to gener- 
ate the higher harmonic waves P2b. The respectively 
generated higher harmonic waves P2a and P2b are inci- 
dent upon the detectors 28a and 28b and converted into 
electric signals therein. Thus, a differential signal is 
obtained from signals detected by the detectors 28a and 



28b based on the same principle as that of the previous 
embodiment. The oscillating wavelength is controlled 
with an applied current so that the fluctuation of the dif- 
ferential signal is within i2%, whereby the value of the 
s output of the higher harmonic waves can be always kept 
in the vicinity of a peak value. Specifically, when temper- 
ature changes in the range of 5to 70'C, the output of the 
higher harmonic waves is fluctuated, for example, within 
+1%. 

The conversion efficiency at which the fundamental 
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waves P1 are converted into the higher harmonic waves 
P2 is 7% with respect to an input of 60 mW. When the 
periodically domain-inverted regions 3a and 3b for dif- 
ferential detection are formed on the side of the output 
is face 12 as in this embodiment, the "used" fundamental 
waves which have already been subjected to the conver- 
sion into higher harmonic waves can be utilized; there- 
fore the conversion efficiency are not affected. 

In the above description, the oscillating wavelength 
20 of the semiconductor laser is changed: however, even 
when the phase-matched wavelength of the light wave- 
length conversion device is changed by regulating the 
conditions of temperature and an electric field, similar 
effects can be obtained. 
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Fmhodiment 7 



A short wavelength laser beam source in Embodi- 
ment 7 of the present invention will be described. Figure 
ao 15 is a cross-sectional view showing a structureof a 
short wavelength laser beam source 700 of this ernbod- 
iment. 

The short wavelength laser beam source 700 
includes a light wavelength conversion device 22f in 
35 which periodically domain-inverted regions 3 are formed 
in a substrate 1 made of LiTaOs, which is non-linear opti- 
cal crystal. Furthermore, in the light wavelength conver- 
sion device 22f. an optical waveguide is not formed on 
its surface where periodically domain-inverted regions 
40 are formed. More specifically, the light wavelength con- 
version device 22f of this embodiment is a bulk-type 
device The periodically domain-inverted regions 3 can 
be formed by an electric field application or the like. 
The short wavelength laser beam source 700 
45 includes a DBR semiconductor laser 21f having a wave- 
length variable portion. The DBR semiconductor laser 
21f and the light wavelength conversion device 22f are 
fixed on a base member 20 made of Al. Fundamental 
waves P1 emitted from the semiconductor laser 21f are 
so collimated by a collimator lens 24a and is incident upon 
the light wavelength conversion device 22f through an 
incident face 10. 

The fundamental waves PI incident upon the light 
wavelength conversion device 22f are converted into 
55 higher harmonic waves P2 in the domain-inverted region 
3 having a phase-matched length L. Then, the power of 
the higher harmonic waves P2 is amplified in the subse- 
quent non^iomain-inverted region 4 also havmg a 
phase-matched length L. The higher harmon.c waves P2 
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thus amplified in the light wavelength conversion device 
22f are output from an output face 12. 

The wavelength at which the higher harmonic waves 
are generated (phase-matched wavelength) is deter- 
mined by quasi-phase match based on the refractive s 
index of non-linear optical crystal and the period of the 
domain-inverted regions 3. Because of this, the change 
in ambient temperature causes the change in the refrac- 
tive index of the non-linear optical crystal; as a result, the 
phase-matched wavelength changes. 10 

Next, the DBR semiconductor laser 21f will be 
described. 

The DBR semiconductor laser 21f includes a light- 
emitting portion 42 and a DBR portion 40. The light-emit- 
ting portion 42 and the DBR portion 40 can be independ- is 
ently controlled by electrodes 42a and 40a, respectively. 
When a current is injected into the light-emitting portion 
42 through the electrode 42a, an active layer 44 emits 
light When the injected current exceeds an oscillating 
threshold, the reflection caused by a front cleavage face 20 
45 of the semiconductor laser 21f and a diffraction grat- 
ing 43 provided on the DBR portion 40 allows oscillation 
to occur, whereby a laser oscillates. 

The change in the current injected into the DBR por- 
tion 40 of the semiconductor laser 21 f causes the change 25 
in the refractive index; as a result, the feedback wave- 
length changes. By utilizing this principle, the DBR por- 
tion 40 can be operated as a wavelength variable portion, 
whereby the oscillating wavelength of a laser can be var- 
ted. 

Next, a method for stabilizing the output of higher 
harmonic waves will be described. 

The short wavelength laser beam source 700 is 
entirely mounted on a Peltier device 48 so that its tem- 
perature is always kept constant irrespective of the 35 
change in ambient temperature. However, when the 
short wavelength laser beam source 700 is used over a 
long period of time, the quasi-phase-matched wave- 
length of the light wavelength conversion device 22f or 
the oscillating wavelength of the semiconductor laser 21 f 40 
changes; as a result, the quasi-phase-matched wave- 
length is shifted from the oscillating wavelength. In this 
case by changing the oscillating wavelength of the DBR 
semiconductor laser 21f, the oscillating wavelength of 
the semiconductor laser 21f can be matched with the 45 
phase-matched wavelength of the light wavelength con- 
version device 22f . 

The higher harmonic waves P2 from the light wave- 
length conversion device 22f are divided by a beam split- 
ter 27, and part of them can be monitored by a Si detector so 
28. According to this structure, a current to be applied to 
the electrode 40a can be regulated by using the detec- 
tion results of a detector 28 so that the output of the 
higher harmonic waves always takes a maximum value; 
thus, the output of the higher harmonic waves P2 can be ss 
stably kept at an intended value. 

The structure of the detector 28 is not limited to 
detection of the higher harmonic waves P2 obtained 
through the output face 1 2 as shown in Figure 1 5. Alter- 



natively, part of the higher harmonic waves converted in 
the light wavelength conversion device 22! is output out- 
side through the incident face 1 0 of the light wavelength 
conversion device 22f . Thus, the detector 28 can be posi- 
tioned above a gap between the semiconductor laser 21 f 
and the light wavelength conversion device 22f so as to 
detect the higher harmonic waves output through the 
incident face 10 of the light wavelength conversion 
device 22f. 

According to this embodiment, the fluctuation of the 
output of the higher harmonic waves can be suppressed 
within ±3% at a temperature in the range of 0 to 60°C. 
The conversion efficiency at which the fundamental 
waves are converted into the higher harmonic waves is 
0.5% with respect to an input of 30 mW. and blue light 
with an output of 1 .5 mW can be obtained. The bulk-type 
light wavelength conversion device 22f as included in the 
short wavelength laser beam source 700 of this embod- 
iment enables optical path to be aligned easily and is 
resistant to mechanical vibration; thus, the device 700 is 
practical. 

Next, the DBR semiconductor laser 21 f is RF-dnven 
in the structure of the short wavelength laser beam 
source 700 of Figure 1 5. Specifically, a sine wave current 
with a frequency of 800 MHz is applied to the electrode 
40a Because of this, the output of the higher harmonic 
waves P2 with a power of 2 mW can be obtained with 
respect to an average power of 100 mW of the funda- 
mental waves P1 . 

Since the conversion efficiency of the light wave- 
length conversion device is proportional to a power of the 
fundamental waves, the conversion efficiency can be 
improved by RF-driving the semiconductor laser 21f and 
inputting the fundamental waves P1 into the light wave- 
length conversion device 22f in the pulse train. The DBR 
semiconductor laser 21 f does not show disturbance of a 
vertical mode in an RF drive and an effective wavelength- 
conversion is performed. 

TTie RF drive of the semiconductor laser is not lim- 
ited to the case using the bulk-type light wavelength con- 
version device 22f as in this embodiment and can be 
applied to the structure of a short wavelength laser beam 
source including an optical waveguide type light wave- 
length conversion device. The coarse control and fine 
control described in Embodiment 4 or the differential 
detection described in Embodiment 5 can be applied to 
the structure of the short wavelength laser beam source 
700 including the bulk-type light wavelength conversion 
device 22f in this embodiment. 



Embodiment 8 

Next, the short wavelength laser beam source in 
Embodiment 8 of the present invention will be described. 
Figure 16 is a cross-sectional view showing a structure 
of a short wavelength laser beam source 800 of this 
embodiment. 

In the short wavelength laser beam source 800 
shown in Figure 16, the temperature of the short wave- 
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length laser beam source 800 is regulated by a Peltier 
device 48. However, the arrangement of the short wave- 
length laser beam source 800 is different from that of the 
short wavelength laser beam source 700 of Embodiment 
7 shown in Figure 1 5. Specifically, a copper block 59a is 
disposed so as to face a DBR semiconductor laser 21 g 
with a base member 20 interposed therebetween. Like- 
wise, a copper block 59b is disposed so as to face a light 
wavelength conversion device 22g with the base mem- 
ber 20 interposed therebetween. The base member 20 
is typically made of brass and has a thickness of 0.5 mm, 
for example. Because of this, heat is not likely to be trans- 
mitted from the DBR semiconductor laser 21 g to the light 
wavelength conversion device 22g. 

A f irst face 48a of the Peltier device 48 is in contact 
with the copper block 59a, and a second face 48b is in 
contact with the copper block 59b. When a current is 
applied to the Peltier device 48, the f irst and second faces 
48a and 48b exhibit temperature characteristics oppo- 
site to each other. For example, in the case where the 
first face 48a shows a heating function which generates 
heat, the second face 48b shows a cooling function 
which absorbs heat. Because of this, the temperature of 
the semiconductor laser 21 g in contact with the first face 
48a of the Peltier device 48 via the copper block 59a and 
the temperature of the light wavelength conversion 
device 22g in contact with the second face 48b via the 
copper block 59b can be regulated by controlling a cur- 
rent to be applied to the Peltier device 48. 

For example, when the temperature of the copper 
block 59a is changed from about 5°C to about 55°C via 
a room temperature of 30°C, the temperature of the cop- 
per block 59b changes from about 10°C to about 50°C. 
As a result, the oscillating wavelength of the semicon- 
ductor laser 21 g can be varied in a range, for example, 
of 2.6 nm while the phase-matched wavelength of the 
light wavelength conversion device 22g can be varied in 
a range, for example, of 2.0 nm. Thus, the wavelength 
can be regulated in a range of 4.6 nm in total. The short 
wavelength laser beam source 700 shown in Figure 15 
is entirely disposed on the identical face of the Peltier 
device 48 via the substrate 20. In this case, the wave- 
length is varied in a range of about 0.6 nm. Thus, accord- 
ing to the structure of this embodiment, the wavelength 
can be controlled in an 8 times wider range. 

Furthermore, the oscillating wavelength of the DBR 
semiconductor laser 21 g and the phase-matched wave- 
length of the light wavelength conversion device 22g 
continuously change with temperature. Because of this, 
stable and smooth tuning of the wavelength can be per- 
formed. 

Embodiment 9 



A short wavelength laser beam source in Embodi- 
ment 9 of the present invention will be described. Figure 
17 is a cross-sectional view showing a structure of a 
semiconductor laser included in the short wavelength 
laser beam source of this embodiment. 



The short wavelength laser beam source includes a 
light wavelength conversion device in which periodically 
domain-inverted regions are formed on a substrate 
made of KNb0 3 which is non-linear optical crystal. 
5 KNbOs is a material which phase-matches the wave- 
length of the semiconductor laser having an oscillating 
wavelength of 800 nm. The periodically domain-inverted 
regions can be formed by ion implantation, or the like. 
The short wavelength laser beam source of this 
w embodiment uses a DBR semiconductor laser 21 h hav- 
ing a wavelength variable portion. The DBR semiconduc- 
tor laser 21 h is fixed on a base member 20 made of Al. 
Fundamental waves P1 emitted from the semiconductor 
laser 21 h are collimated by a collimator lens, focused by 
is afocus lens through a semi-wavelength plate, and is inci- 
dent upon an optical waveguide of the light wavelength 
conversion device (not shown in Figure 17) through an 
incident face. The semi -wavelength plate is inserted so 
as to rotate the polarization direction of the fundamental 
20 waves P1 by 90° and match it with the polarization direc- 
tion of the optical waveguide. 

The fundamental waves P1 incident upon the light 
wavelength are converted into higher harmonic waves in 
the domain-inverted region having a phase-matched 
25 length L. Then, the power of the higher harmonic waves 
is amplified in the subsequent non<iomain-inverted 
region also having a phase-matched length L. The 
higher harmonic waves thus amplified in the optical 
waveguide are output from an output face. 
ao In this embodiment, as described later, in order to 
simplify the control, the stabilization of the higher har- 
monic waves is realized only by the application of a cur- 
rent. 

Next, the DBR semiconductor laser 21 h will be 

35 described. 

The DBR semiconductor laser 21 h includes a light- 
emitting portion 42, a DBR portion 40, and an amplifier 
portion 47. The light-emitting portion 42, the DBR portion 
40, and the amplifier portion 47 can be independently 
40 controlled by electrodes 42a, 40a, and 47a, respectively. 
When a current is injected into the light-emitting portion 
42 through the electrode 42a, an active layer 44 emits 
light. When the injected current exceeds an oscillating 
threshold, the reflection caused by a back cleavage face 
45 46 of the semiconductor laser 21 h and a diffraction grat- 
ing 43 provided on the DBR portion 40 allows oscillation 
to occur, whereby a laser oscillates. 

The change in the current injected into the DBR por- 
tion 40 of the semiconductor laser 21 h causes the 
so change in the refractive index; as a result, the feedback 
wavelength changes. By utilizing this principle, the DBR 
portion 40 can be operated as a wavelength variable por- 
tion, whereby the oscillating wavelength of a laser can 
be varied. 

55 Light generated at the light-emitting portion 42 is 
emit after being amplified by the amplifier portion 47. 
When non-reflective coating is provided to a front cleav- 
age face 45 of the semiconductor laser 21 h, the reflec- 
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tion on the cleavage face 45 can be reduced to 0.01%. 
Because of this, a complex mode is not established. 

In this embodiment, an effective resonator length 
(cavity length) D between the back cleavage face 46 of 
the semiconductor laser 21 h and the effective reflection 
face of the DBR portion 40 is set at 150 and the ver- 
tical mode interval is set at 0.7 nm. Because of this, in a 
range of 0.7 nm, the wavelength can be continuously 
controlled only by controlling a current to be applied to 
the electrode 40a without causing the mode hopping. 
The DBR portion 40 has a sufficient reflection wave- 
length width of 1 nm. 

Figure 18 is a graph showing the relationship 
between the cavity length D and the vertical mode inter- 
val. As shown in Figure 1 8, the cavity length D is inversely 
proportional to the vertical mode interval. The wave- 
length can be changed without mode hopping within the 
vertical mode interval. Furthermore, when the vertical 
mode interval is widened by decreasing the cavity length 
D, the adjustable range of the wavelength can be broad- 
ened. 

In order to compensate the fluctuation of the phase- 
matched wavelength of the light wavelength conversion 
device in a temperature range of 20°C, the wavelength 
is desirably changed in a range of 0.5 nm. As is clear 
from Figure 18, the cavity length D isdesirably set at 200 
nm or less. The cavity length D is more desirably set at 
100 jtm or less, because the wavelength corresponding 
to a temperature range of 40°C can be regulated. 

In general, when the cavity length D becomes 
shorter, a power of a laser beam to be oscillated 
decreases. In this embodiment, the semiconductor laser 
21 h is provided with the amplifier portion 47, whereby a 
weak oscillating laser beam is amplified. 

Next, a method for stabilizing the output of higher 
harmonic waves will be described. 

When ambient temperature changes, the phase- 
matched wavelength of the light wavelength conversion 
device changes. By changing the oscillating wavelength 
of the DBR semiconductor laser 21 h in the same way as 
the above-mentioned embodiments, the oscillating 
wavelength of the laser 21 h can be matched with the thus 
changed phase-matched wavelength in the light wave- 
length conversion device. 

At this time, the output of higher harmonic waves 
from the light wavelength conversion device is divided by 
a beam splitter, and a part of the output can be monitored 
by a Si detector. According to this structure, a value of a 
current to be applied to the electrodes 40a can be regu- 
lated so that the output of higher harmonic waves always 
takes the highest value by using the detection results of 
the detector, and the output of the higher harmonic 
waves can be stably maintained at an intended value. 

For example, when the current to be applied to the 
electrode 40a is changed by 40 m A, the oscillating wave- 
length changes by about 0.6 nm, for example. Thus, the 
oscillating wavelength of the semiconductor laser can be 
changed in a wide range in accordance with the change 



in the quasi-phase-matched wavelength of the light 
wavelength conversion device. 

Specifically, when the temperature changes in the 
range of 1 5 to 45°C. the fluctuation of the output of higher 
5 harmonic waves is within ±3%. In this embodiment, the 
conversion efficiency at which the fundamental waves 
are converted into the higher harmonic waves is 5% with 
respect to an input of 40 mW. 

Figure 19 is a cross-sectional view of a DBR Semi- 
te conductor laser 21 j having a structure in which the elec- 
trode 40a is not formed on the DBR portion 40 as a 
modified example of the short wavelength laser beam 
source of this embodiment. In this structure, a current is 
applied to the electrode 42a provided on the light-emit- 
is ting portion 42 to generate laser oscillation, and the 
amount of a current to be applied to the electrode 42a is 
changed to regulate the oscillating wavelength. Specifi- 
cally, the light-emitting portion 42, which has a light-emit- 
ting function involved in the application of a current to the 
20 electrode 42a, further has a phase control function of 
regulating the oscillating wavelength involved in the con- 
trol of the amount of the applied current. The output level 
of the laser beam to be oscillated is regulated by the con- 
trol of the amount of the current to be applied to the elec- 
25 trode 47a provided on the amplifier portion 47. 

In the structure of the semiconductor laser of this 
embodiment shown in Figure 1 7 or 1 9, a concave portion 
is provided between the DBR portion 40 and a cleavage 
face to form a reflector, whereby a short resonator can 
30 be formed. Such a structure can realize a resonator hav- 
ing a very short cavity length D. 



Embodiment 10 

35 A short wavelength laser beam source in Embodi- 
ment 1 0 of the present invention will be described. Figure 
20 is a cross-sectional view showing a structure of a 
short wavelength laser beam source 1 000 of this embod- 
iment. 

40 The short wavelength laser beam source 1000 
includes a light wavelength conversion device 22k in 
which periodically domain-inverted regions (not shown) 
are formed on the surface of a substrate 22 made of non- 
linear optical crystal, UTa0 3 . Furthermore, an optical 

45 waveguide 2 is formed by proton exchange on the sur- 
face of the light wavelength conversion device 22k on 
which the periodically domain-inverted regions 3 are 
formed. 

The short wavelength laser beam source 1 000 also 
so includes a DBR semiconductor laser 21 k having a wave- 
length variable portion. In this embodiment, a reflector 
58 is formed on an output face 1 2 of the light wavelength 
conversion device 22k, and the light reflected therefrom 
is fed back to an active layer 44 to control the oscillating 
55 wavelength. Thus, a vertical mode interval can be 
remarkably decreased. 

The DBR semiconductor laser 21 k is f ixed on a base 
member (not shown). Fundamental waves P1 emitted 
from the semiconductor laser 21 k are collimated by a col- 
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limator lens 25a and is incident upon the optical 
waveguide 2 of the light wavelength conversion device 
22k through an incident face 10. 

The fundamental waves P1 incident upon the light 
wavelength 2 are converted into higher harmonic waves s 
P2 in the domain-inverted region having a phase- 
matched length L. Then, the power of the higher har- 
monic waves P2 is amplified in the subsequent non- 
domain-inverted region also having a phase-matched 
length L The higher harmonic waves P2 thus amplified 10 
intheoptical waveguide 2 are output from an output face 
12 

Next, the DBR semiconductor laser 21k will be 

d6SC TheDBR semiconductor laser 21 k includes a light- is 
emitting portion 42 and a DBR portion 40. The light-emit- 
ting portion 42 and the DBR portion 40 can be independ- 
ently controlled by electrodes 42a and 40a. respectively. 
When a current is injected into the light-emitting portion 
42 through the electrode 42a, an active layer 44 emits 20 
light. When the injected current exceeds an oscillating 
threshold, the reflection caused by a reflector 58 pro- 
vided on the light wavelength conversion device 22k and 
a diffraction grating 43 provided in the DBR portion 40 
allows oscillation to occur, whereby a laser oscillates. 2s 

A non-reflective coating is provided on a front cleav- 
age face 45 of the semiconductor laser 21 k. The reflector 
58 reflects fundamental waves having a wavelength of 
800 nm by 98%, and transmits higher harmonic waves 
having a wavelength of 400 nm by 95%. 30 

Since the refractive index is changed by changing a 
current to be injected into the DBR portion 40 of the sem- 
iconductor laser 21k, the wavelength to be fed back is 
changed. By using this principle, the DBR portion 40 can 
be operated as a wavelength variable portion, whereby 35 
the oscillating wavelength of a laser can be varied. 

In the structure of this embodiment, a cavity length 
D which is a distance between the reflector 58 and the 
effective reflection face of the DBR portion 40 is set at 
1 1 mm, and a vertical mode interval is set at 0.01 nm. ao 
The wavelength can be apparently and continuously 
changed by decreasing the vertical mode interval. The 
allowable wavelength half value width of the light wave- 
length conversion device 22k is 0.2 nm. 

The light wavelength conversion device 22k of this 45 
embodiment supplies the stable output of the higher har- 
monic waves at a low noise in a temperature range of 
60°C In this embodiment, the reflector 58 is provided on 
the output side of the light wavelength conversion device 
22k Because of this structure, the fundamental waves so 
can be reflected by the reflector 58 after propagating 
through the light wavelength conversion device 22k; 
therefore, a power can be effectively used when the fun- 
damental waves are converted into the higher harmonic 
waves. However, the reflector 58 can be provided on the ss 
incident side of the light wavelength conversion device 
22k. 

As described in this embodiment, when the allowa- 
ble wavelength half value width of the light wavelength 



conversion device 22k is wider than the vertical mode 
interval of the semiconductor laser 21k, the higher har- 
monic waves are always output. This will be described 
with reference to Figure 21 . 

Figure 21 is a graph schematically showing the rela- 
tionship between the vertical mode of the semiconductor 
laser and the higher harmonic waves intensity of the light 
wavelength conversion device. This figure shows the 
case where two vertical modes A and B are present in 
the allowable wavelength half value width. Irrespective 
of whether either of these two vertical modes A and B is 
selected the output intensity of the light wavelength con- 
version device becomes 1 or more; however, the level of 
the intensity can be decreased by controlling the output 
of the semiconductor laser. Thus, the actual output of the 
light wavelength conversion device can be kept constant. 

As described above, in order to make the allowable 
wavelength half value width of the light wavelength con- 
version device larger than the vertical mode interval of 
the semiconductor laser, a method for lengthening the 
cavity length D of the semiconductor laser is effective. 
Alternatively, a method for partially changing the period 
of the domain-inverted regions of the light wavelength 
conversion device is effective. According to the latter 
method, light wavelength conversion devices having an 
arbitrary allowable width can be realized by changing the 
period of the domain-inverted regions gradually or on a 
group basis in the length direction of the optical 
waveguide. 

In the semiconductor lasers in the aforementioned 
embodiments, it is preferred that the light-emitting por- 
tion is positioned on the side closer to the light wave- 
length conversion device, and the DBR portion is 
positioned on the side far away from the light wavelength 
conversion device. This is because such an arrangement 
decreases the loss of a laser beam incident upon the light 
wavelength conversion device. 

A laser beam obtains a gain at the light-emitting por- 
tion; therefore, a power to be output can be made the 
best possible use when the light-emitting portion is posi- 
tioned on the side closer to the output facet of the sem- 
iconductor laser, i.e., on the side closer to the light 
wavelength conversion device. Furthermore, a laser 
beam emitted from the light-emitting portion to the DBR 
portion is almost diffracted by the diffraction grating of 
the DBR portion. The diffraction efficiency can be freely 
set by appropriately setting the pitch of the diffraction 
grating. The diffraction grating is set at around 90%, for 
example. 

When the DBR portion is positioned on the side 
closer to the light wavelength conversion device, and the 
light-emitting portion is positioned on the side far away 
from the light wavelength conversion device, a laser 
beam emitted from the light-emitting portion typically 
ends up being diffracted by about 90% before being inci- 
dent upon the light wavelength conversion device and 
returning to the light-emitting portion. As a result, a laser 
beam is hardly output from the facet on the side of the 
DBR portion to the light wavelength conversion device. 
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Furthermore, when the light wavelength conversion 
device of the semiconductor laser is mounted on a metal- 
lic base member, the active layer of the semiconductor 
laser and the optical waveguide of the optical waveguide 
of the light wavelength conversion device are preferably 
positioned so as to be far away from the metallic sub- 
strate for the following reasons. 

Specifically, it is required to provide a plurality of 
electrodes in semiconductor lasers; therefore, in order to 
facilitate the step of forming wirings to be connected to 
electrodes by wire bonding or the like, the electrodes are 
preferably positioned on the upper face of the semicon- 
ductor laser. 

When a light wavelength conversion device is posi- 
tioned so that its optical waveguide is directly in contact 
with the metallic substrate, optical loss occurs toward the 
metallic base member having a large refractive index. In 
order to avoid such optical loss, a protective film such as 
Si0 2 film should be formed between the base member 
and the light wavelength conversion device (optical 
waveguide). However, when the optical waveguide is 
positioned on the upper side, such a protective film can 
be omitted. 

In the above-described embodiments, UTa0 3 or 
UNbOa is used as non-linear optical crystal. In place of 
these KTP(KT.OP0 4 ); KNb0 3 ; LiTa0 3 or LiNbOa doped 
with MgO, Nb or Nd; and ferroelectrics such as LiNb (1 _ 
JTa 0 3 (0 ^ X ^ 1) which is mixed crystal of UTa0 3 and 
UNb0 3 can be used. Alternatively, organic non-linear 
optical crystal such as MNA and DAN can be used. 

It is needless to say that the present invention can 
be applied to the case where a plurality of peaks are 
present in the output of the higher harmonic waves, the 
case where a predetermined output is required, etc. 

As described above, according to the present inven- 
tion, by slightly changing a drive current of a semicon- 
ductor laser, an oscillating wavelength can be changed 
to adjustto a phase-matched wavelength of a light wave- 
length conversion device (Secondary harmonic wave 
generation device = SHG). Usually, when ambient tem- 
perature changes, the phase-matched wavelength 
changes and conditions for establishing quasi-phase 
match of the light wavelength conversion device become 
unsatisfied; as a result, the output of higher harmonic 
waves cannot be obtained. In contrast to this, according 
to the present invention, even when the phase-matched 
wavelength changes, an oscillating wavelength X of the 
semiconductor laser is changed to adjust to the phase- 
matched wavelength by changing the drive current, 
whereby conditions for obtaining the highest output of 
higher harmonic waves can be maintained. 

In a DBR semiconductor laser, even when a current 
applied to an active layer is changed, an oscillating wave- 
length hardly changes; however, when a DBR portion is 
provided with a current injection function and a current 
is allowed to flow therein, a refractive index is changed 
to cause a change in a reflection wavelength. In this man- 
ner, an oscillating wavelength can be changed. More 
specifically, by changing the injection current to the DBR 



portion, the refractive index is changed so as to change 
the oscillating wavelength to be fed back. Thus, the oscil- 
lating wavelength of a laser can be changed to adjust to 
the quasi-phase-matched wavelength of the light wave- 
5 length conversion device. 

Higher harmonic waves can be stably maintained by 
monitoring the output of higher harmonic waves and 
adjusting a current so that it always has the highest 
value. Even when the oscillating wavelength is shifted 
w from the quasi-phase-matched wavelength, the condi- 
tions for establishing the quasi-phase match can be sat- 
isfied by applying a current, and hence, higher harmonic 
waves can be taken out at high efficiency. 

Furthermore, according to the present invention, 
is because of the above-mentioned structure, the refractive 
index changes efficiently with respect to the application 
of a current, and the output of higher harmonic waves 
can be modulated. More specifically, in the case where 
a phase is matched in the initial state, the refractive index 
20 is greatly changed by the application of a current, and 
the oscillating wavelength will shift from the phase- 
matched wavelength. By utilizing this principle, ON/OFF 
control of the output of higher harmonic waves can be 
performed depending upon the change in a current to be 
25 applied. 

As described above, according to the method for sta- 
bilizing the output of higher harmonic waves of the 
present invention, the oscillating wavelength is controlled 
by changing a current of the semiconductor laser so as 
30 to match the oscillating wavelength with the quasi- 
phase-matched wavelength of the light wavelength con- 
version device. Thus, the output of higher harmonic 
waves can be easily stabilized. 

Furthermore, the short wavelength laser beam 
as source of the present invention is capable of generating 
higher harmonic waves easily and stably under the con- 
dition that the oscillating wavelength of the semiconduc- 
tor laser is matched with the quasi-phase-matched 
wavelength of the light wavelength conversion device. 
40 Still furthermore, the short wavelength laser beam 
source of the present invention is capable of preventing 
the wavelength of the semiconductor laser from fluctuat- 
ing so as to output higher harmonic waves at a low noise. 
In particular, when a DBR semiconductor laser is used, 
45 the wavelength can be stably regulated in a wide range 
so as to be stabilized. 

According to the present invention, the operation 
speed of stabilizing the wavelength can be increased by 
providing the wavelength variable portion in the semicon- 
so ductor laser; thus, the present invention is effective in 
terms of practical use. 

Furthermore, in the light wavelength conversion 
device of the present invention, higher harmonic waves 
can be taken out of the optical waveguide to stably obtain 
55 a light spot without any astigmatism. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the claims 
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appended hereto be limited to the description as set forth 
herein, but rather that the claims be broadly construed. 

Claims 

1 . A method for stabilizing an output of higher harmonic 
waves comprising the steps of: 

converting fundamental waves emitted from 
a distribution Bragg reflection (DBR) semiconductor 
laser having a wavelength variable portion into 
higher harmonic waves in a light wavelength conver- 
sion device; and 

controlling a current to be applied to the 
wavelength variable portion of the DBR semicon- 
ductor laser to change an oscillating wavelength of 
the DBR semiconductor laser, thereby matching the 
oscillating wavelength with a peak of the higher har- 
monic waves. 

2. A method for stabilizing an output of higher harmonic 
waves comprising the steps of: 

converting fundamental waves emitted from 
a semiconductor laser into higher harmonic waves 
in a light wavelength conversion device; 

applying an optical feed-back to the semicon- 
ductor laser to set an oscillating wavelength of the 
semiconductor laser at a predetermined value; and 

controlling a drive current of the semiconduc- 
tor laser to change the oscillating wavelength, 
thereby matching the oscillating wavelength with a 
peak of the higher harmonic waves. 

3. A method for stabilizing an output of higher harmonic 
waves comprising the steps of: 

converting fundamental waves emitted from 
a DBR semiconductor laser having first wavelength 
variable means and second wavelength variable 
means into higher harmonic waves in a light wave- 
length conversion device; and 

coarse-controlling an oscillating wavelength 
of the DBR semiconductor laser by the first wave- 
length variable means and fine-controlling the oscil- 
lating wavelength by the second wavelength variable 
means, thereby matching the oscillating wavelength 
with a peak of the higher harmonic waves. 
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oscillating wavelength with a peak of the higher har- 
monic waves. 

A method for stabilizing an output of higher harmonic 
waves comprising the steps of: 

converting fundamental waves emitted from 
a wavelength-locked semiconductor laser into 
higher harmonic waves in a light wavelength conver- 
sion device having an allowable wavelength half 
value width wider than an oscillating vertical mode 
interval of the semiconductor laser; and 

controlling a current to be applied to the sem- 
iconductor laser to change an oscillating wavelength 
of the semiconductor laser, thereby matching the 
oscillating wavelength with a peak of the higher har- 
monic waves. 

A short wavelength laser beam source comprising: 
a light wavelength conversion device having period- 
ically domain-inverted regions formed in non-linear 
optical crystal; and a DBR semiconductor laser, 

wherein the DBR semiconductor laser has a 
wavelength variable portion, 

fundamental waves emitted from the DBR 
semiconductor laser are converted into higher har- 
monic waves in the light wavelength conversion 
device, and 

an oscillating wavelength of the DBR semi- 
conductor laser is changed so as to match with a 
peak of the higher harmonic waves by controlling a 
current to be applied to the wavelength variable por- 
tion of the DBR semiconductor laser, whereby a con- 
stant output of the higher harmonic waves is 
obtained. 

7. A short wavelength laser beam source comprising: 
a light wavelength conversion device having period- 
ically domain-inverted regions formed in non-linear 
optical crystal; and a DBR semiconductor laser, 

wherein fundamental waves emitted from the 
DBR semiconductor laser are converted into higher 
harmonic waves in the light wavelength conversion 
device. 
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4. A method for stabilizing an output of higher harmonic 
waves comprising the steps of: 

converting fundamental waves emitted from 
a DBR semiconductor laser having a wavelength 
variable portion into higher harmonic waves in a light 
wavelength conversion device; and 

performing differential detection of the output 
of the higher harmonic waves, controlling a current 
to be applied to the wavelength variable portion of 
the DBR semiconductor laser by using a detection 
result to change an oscillating wavelength of the 
DBR semiconductor laser, thereby matching the 
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A short wavelength laser beam source comprising: 
a light wavelength conversion device having period- 
ically domain-inverted regions formed in non-linear 
optical crystal; and a semiconductor laser, 

wherein fundamental waves emitted from the 
semiconductor laser are converted into higher har- 
monic waves in the light wavelength conversion 

device, and 

an oscillating wavelength of the semiconduc- 
tor laser set at a predetermined value by optical 
feed-back is changed by controlling a drive current 
of the semiconductor laser, thereby matching the 
oscillating wavelength with a peak of the higher har- 
monic waves to obtain a constant output of the 
higher harmonic waves. 
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9. A short wavelength laser beam source comprising : 
a light wavelength conversion device having period- 
ically domain-inverted regions formed in non-linear 
optical crystal; and a DBR semiconductor laser hav- 
ing first wavelength variable means and second 5 
wavelength variable means, 

wherein fundamental waves emitted from the 
DBR semiconductor laser are converted into higher 
harmonic waves in the light wavelength conversion 

device, 10 

the first wavelength variable means coarse- 
controls an oscillating wavelength of the DBR sem- 
iconductor laser, and 

the second wavelength variable means fine- 
controls the oscillating wavelength, whereby the 75 
oscillating wavelength is matched with a peak of the 
higher harmonic waves to obtain a constant output 
of the higher harmonic waves. 

1 0. A short wavelength laser beam source comprising: 20 
a DBR semiconductor laser having first wavelength 
variable means; and a light wavelength conversion 
device having second variable means and periodi- 
cally domain-inverted regions formed in non-linear 

optical crystal, 25 

wherein fundamental waves emitted from the 
DBR semiconductor laser are converted into higher 
harmonic waves in the light wavelength conversion 
device, 

the first wavelength variable means coarse- 30 
controls an oscillating wavelength of the DBR sem- 
iconductor laser, and 

the second wavelength variable means fine- 
controls a phase-matched wavelength of the light 
wavelength conversion device, whereby the oscillat- 35 
ing wavelength is matched with a peak of the higher 
harmonic waves to obtain a constant output of the 
higher harmonic waves. 

1 1 . A short wavelength laser beam source comprising: 40 
a wavelength-locked semiconductor laser; and a 
light wavelength conversion device having an allow- 
able wavelength half value width wider than an oscil- 
lating vertical mode interval of the semiconductor 
laser, 45 

wherein fundamental waves emitted from the 
semiconductor laser are converted into higher har- 
monic waves in the light wavelength conversion 
device, and 

an oscillating wavelength of the semiconduc- so 
tor laser is changed by controlling a current to be 
applied to the semiconductor laser so as to match 
with a peak of the higher harmonic waves, whereby 
a constant output of the higher harmonic waves is 
obtained. 

12. A short wavelength laser beam source comprising: 
a light wavelength conversion device having period- 
ically domain-inverted regions formed in non-linear 



optical crystal; and a DBR semiconductor laser hav- 
ing a wavelength variable portion, 

wherein a reflector is provided outside the 
DBR semiconductor laser and a laser oscillation is 
generated between the reflector and the DBR sem- 
iconductor laser, 

fundamental waves emitted from the DBR 
semiconductor laser are converted into higher har- 
monic waves in the light wavelength conversion 
device, and 

an oscillating wavelength of the DBR semi- 
conductor laser is changed by controlling a current 
to be applied to the wavelength variable portion of 
the semiconductor laser so as to match the oscillat- 
ing wavelength with a peak of the higher harmonic 
waves, whereby a constant output of the higher har- 
monic waves is obtained. 

13. A short wavelength laser beam source comprising: 
a light wavelength conversion device having at least 
three periodically domain-inverted regions formed in 
non-linear optical crystal; and a semiconductor 

,aser - ^ ,. 

wherein the at least three periodically 

domain-inverted regions have a first periodically 
domain-inverted region having a period of A, a sec- 
ond periodically domain-inverted region having a 
period of A1, and a third periodically domain- 
inverted region having a period of A2, 

the relationship between the periods is A1 < 

A < A2, and 

higher harmonic waves generated in the sec- 
ond periodically domain-inverted region having a 
period of A1 and higher harmonic waves generated 
in the third periodically domain-inverted region hav- 
ing a period of A2 are detected by different detec- 
tors, respectively. 



1 4. A method for stabilizing an output of higher harmonic 
waves according to any one of claims 1 to 5. wherein 
the light wavelength conversion device is an optical 
waveguide type. 

15. A short wavelength laser beam source according to 
any one of claims 6 to 13, wherein the light wave- 
length conversion device is an optical waveguide 
type. 

1 6. A method for stabilizing an output of higher harmonic 
waves according to any one of claims 1 to 5, wherein 
the optical wavelength conversion device is a bulk 
type. 

17. A short wavelength laser beam source according to 
any one of claims 6 to 13, wherein the light wave- 
length conversion device is a bulk type. 
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1 8 A short wavelength laser beam source according to 
any one of claims 6 to 13. wherein the non-linear 
optical crystal is UNbxTa^Oa (0 ^ X * 1). 

1 9 A short wavelength laser beam source according to 
claim 15, wherein the optical waveguide is a proton- 
exchanged optical waveguide. 

20 A short wavelength laser beam source according to 
anyoneo1claims6to13,furthercomprisingadetec- 

tor and a beam splitter. 

21 A method for stabilizing an output of higher harmonic 
waves according to any one of claims 1 to 5, wherein 
an output of the fundamental waves is monitored to 
control the current. 

22 A short wavelength laser beam source according to 
any one of claims 6 to 13, wherein an output of the 
fundamental waves is monitored to control the cur- 
rent. 

23. A method for stabilizing an output of higher harmonic 
waves according to any one of claims 1 , 3, and 4, 
wherein a reflector is further provided between a 
cleavageface of the semiconductor laser and a DBR 
portion so that a vertical mode interval is set to be 1 
nm or larger. 

24 A short wavelength laser beam source according to 
' any one of claims 6, 7, 9, 10, 12, and 13, wherein a 
reflector is further provided between a cleavage face 
of the semiconductor laser and a DBR portion so 
that a vertical mode interval is set to be 1 nm or 
larger. 



25 A short wavelength laser beam source according to 
claim 12, wherein a reflector is further provided on 
either of an incident face or an output face of the light 
wavelength conversion device. 

26 A short wavelength laser beam source according to 
any one of claims 6 to 13, wherein reflected return 
light of the fundamental waves in the light wave- 
length device is 0.2% or less. 

27 A short wavelength laser beam source according to 
' any one of claims 6, 7, 9, 10, 12, and 13, wherein 

the DBR semiconductor laser is RF-driven. 

28 A short wavelength laser beam source according to 
any one of claims 6, 7, 9, 10, 12, and 13, wherein 
temperature of the semiconductor laser is controlled 
on a first face of a Peltier device, temperature of the 
light wavelength conversion device is controlled on 
a second face of the Peltier device, and change in 
temperature of the first face is opposite to change in 
temperature of the second face. 



29 A short wavelength laser beam source according to 
any one of claims 6 to 13, wherein a wavelength of 
the fundamental waves is shifted from a phase- 
matched wavelength of the light wavelength conver- 

5 sion device to modulate an output of the higher har- 
monic waves. 

30 A short wavelength laser beam source according to 
" any one of claims 6 to 13, wherein a wavelength of 

w the fundamental waves is matched with a phase- 
matched wavelength of the light wavelength conver- 
sion device, and thereafter, a drive current of the 
semiconductor laser is regulated so as to regulate 
the output of the higher harmonic waves. 

15 

31 A method for stabilizing an output of higher harmonic 
waves according to claim 1 or 4, wherein the wave- 
length variable portion in the DBR semiconductor 
laser is positioned on a side far away from the light 

20 wavelength conversion device. 

32. A method for stabilizing an output of higher harmonic 
waves according to claim 3, wherein the first wave- 
length variable means in the DBR semiconductor 

25 laser is positioned on a side far away from the light 
wavelength conversion device. 

33. A short wavelength laser beam source according to 
claim 6 or 1 2, wherein the wavelength variable por- 

30 tion in the DBR semiconductor laser is positioned on 
a side far away from the light wavelength conversion 
device. 

34 A short wavelength laser beam source according to 
as claim 9 or 1 0, wherein the first wavelength variable 
means in the DBR semiconductor laser is positioned 
on a side far away from the light wavelength conver- 
sion device. 



40 35. Amethodforstabilizinganoutputofhigherharmonic 
waves according to any one of claims 1, 3, and 4, 
wherein the DBR semiconductor laser and the light 
wavelength conversion device are mounted on a 
base member, an active layer of the DBR semicon- 

45 ductor laser and an optical waveguide of the light 
wavelength conversion device are respectively posi- 
tioned on a side far away from the base member. 

36 A method for stabilizing an output of higher harmonic 
so waves according to claim 2 or 5, wherein the semi- 
conductor laser and the light wavelength conversion 
device are mounted on a base member, an active 
layer of the semiconductor laser and an optical 
waveguide of the optical wavelength conversion 

55 device are respectively positioned on a side far away 
from the base member. 

37 A short wavelength laser beam source according to 
* any one of claims 6, 7, 9, 10, and 12, wherein the 
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DBR semiconductor laser and the light wavelength 
conversion device are mounted on a base member, 
an active layer of the DBR semiconductor laser and 
an optical waveguide of the light wavelength conver- 
sion device are respectively positioned on a side far 5 
away from the base member. 

A short wavelength laser beam source according to 
any one of claims 8, 1 1 . and 13, wherein the semi- 
conductor laser and the light wavelength conversion to 
device are mounted on a base member, an active 
layer of the semiconductor laser and an optical 
waveguide of the light wavelength conversion device 
are respectively positioned on a side far away from 
the base member. 15 
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